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ABSTRACT 
Wood Lake is a kettle lake within the McHenry end 
moraine (late Wisconsinan) in eastern Benson County, North 
Dakota. It is part of the Devils Lake interior basin, near 
the drainage divide between the Devils Lake basin and the 
Big Coulee - Sheyenne River drainage. The moraine deposits, 
part of the Coleharbor Group, are composed of complexly 
interfingering lenses of gravel, sand, silt, and clay within 
the till. 
Water levels in piezometers around Wood Lake indicate 
groundwater flows from the southwest into the west side of 
the lake and out of the lake along the east shore, toward 
the northeast. High hydraulic conductivities, as determined 
from slug/bail tests, indicate the fine-textured glacial 
deposits around the lake are fractured, 
Wood Lake is nearly equidistant between two glacio-
fluvial aquifers, the Tokio to the west, which follows the 
drainage of Big Coulee toward the Sheyenne River, and the 
Warwick to the east. The lake may serve as a recharge 
source for the Warwick aquifer. 
Groundwater flowing toward the lake is of a calcium 
bicarbonate water type, whereas the lake itself has a 
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magnesium bicarbonate water type, The calcium bicarbonate 
groundwater reflects the close proximity of the recharge 
area along the regional divide, and the higher rate of 
dissolution of calcite over dolomite. Cation exchange 
reactions, and mixing of groundwater and the lake water 
along the northern and eastern shores, are the maj6r 
hydrogeochemical processes responsible for the variety of 
water types found to the north and east of Wood Lake. The 
other types of water around Wood Lake include magnesium-
calcium bicarbonate, calcium-magnesium bicarbonate, and 
calcium-magnesium-sodium bicarbonate. In one isolated case, 
one water table piezometer produced a sodium sulfate water 
type, reflecting cation exchange of calcium for sodium from 
sodium-montmorillonitic clays, and sulfate derived from 
either the oxidation of iron sulfide minerals or local 
dissolution of gypsum, or both. A deeper piezometer 
associated with this particular site had a calcium 
bicarbonate water type, indicating the sodium sulfate water 
is restricted to an area at or near the top of the water 
table. 
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INTRODUCTION 
Location and Geological Setting 
Wood Lake is in eastern Benson County, North Dakota 
(Figure 1), within the Devils Lake closed interior basin. 
The lake formed as a kettle in the McHenry end moraine 
(Carlson and Freers, 1975) during the late Wisconsinan stage 
of the Pleistocene epoch, approximately 11,700 to 10,300 
radiocarbon years BP, (Clayton and Moran, 1982). The end 
moraine was deposited by ice that advanced from the 
northeast and buried stagnant ice which was confined in a 
pre-existing valley cut into the Pierre shale bedrock 
(Bluemle, 1965). When the buried ice melted, the moraine 
collapsed, forming the typical knob-and-kettle topography 
characteristic of Wood Lake and its surrounding ridges. 
Discussing the compound moraines in eastern Benson County, 
Simpson (1929} stated that, "probably in no other region of 
the State, if indeed anywhere else in the United States, is 
morainal topography of the knob and kettle type better 
shown.• These collapse moraine deposits are composed of 
complexly interfingering lenses of sand, gravel, silt, and 
clay within the till. The McHenry end moraine deposits are 
part of the Coleharbor Group, defined by Clayton, Moran, and 
1 
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Figure 1: Location of Study Area. 
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Bluemle (1980) to include all glacial sediments in North 
Dakota, 
Wood Lake has a surface area of 98,2 acres (39,28 
hectares), and a watershed of 147,4 acres (58,96 hectares), 
A culvert at the natural outlet controls the maximum height 
of the lake and prevents further erosion there when there is 
flow out of the lake. Although there are no streams flowing 
into Wood Lake, there are several springs and areas of 
seepage along the western shore. Outflow from Wood Lake 
drains northeastward, past the west side of Tokio, N.D., 
through a aeries of sloughs and wet lands, and empties into 
the southern tip of Black Tiger Bay on Devils Lake, 
Surface drainage of eastern Benson County is dominated 
by the Sheyenne River basin and the topographically closed 
Devils Lake basin. Wood Lake is located near the southwest 
edge of the Devils Lake basin, within two miles of the 
drainage divide (exact location of this regional drainage 
divide is difficult to establish due to the hummocky nature 
of the terrain). Immediately to the west of this regional 
divide, Big Coulee drains into the Sheyenne River which, in 
turn, discharges into the northward flowing Red River of the 
North. 
5 
Historic Background 
Wood Lake's historical background was recently reported 
by DeGroot (1982). Presently, the lake shore is occupied by 
sixty-nine (69) cabins and five permanent residences (Figure 
2). Cabin owners make use of the lake mostly during the 
summer months. Approximately a dozen cabins are occupied 
for up to nine months a year, the rest are used infrequently 
through the summer. 
At its height of popularity, during the 1940's and 
1950's, as many as one hundred (100) people would make use 
of Wood Lake on a typical summer weekend (DeGroot, 1982). 
During this time, the Benson County Park at the north end of 
the lake had a dancehall pavillion, bathhouse, picnic area, 
playground and boat dock, and provided rollerskating, boat 
and cabin rentals, and hosted a Boy Scout camp. Most of the 
present cabins were built during this period (DeGroot, 
1982). The current state record walleye (15 lbs. 12 oz., 
7,14 kg) was caught in Wood Lake in 1959 (Bry, 1982). 
Wood Lake's popularity can be attributed to the effects 
of the Dust Bowl years of the 1930's during which Devils 
Lake nearly dried up completely, while Wood Lake retained 
enough water to support fishing, swimming and boating 
activities. On 24 October 1940, Devils Lake reached the 
lowest water level in the lake's recorded history, 1400,87 
feet (426,98 m) elevation (Harkness and Raffield, 1982). 
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Figure 2: Residence and Cabin Location at Wood Lake. 
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That year, Devils Lake had a salinity of 25,000 ppm and a 
maximum depth of three (3) feet (1.0 m). By the early 
1980's, Devils Lake had a maximum depth of 26 feet (7.92 m), 
a salinity of 2,500 ppm (DeGroot, 1982), with the highest 
water levels recorded in this century and still rising. In 
1982 Devils Lake reached 1426.94 feet (434.93 m) elevation, 
a 5-foot rise from the 1421.95-foot (433.41 m) elevation 
recorded on 10 November 1978, and less than a dozen feet 
below the highest recorded level of 1438.40 feet (438.42 m) 
from 1867 (Harkness and Raffield, 1982; United States 
Geological Survey, 1979). 
Wood Lake's popularity began to decrease in the early 
1960's as the competing Devils Lake recovered sufficiently 
to again support game fish. About the same time (early 
1960's), a culvert, which now controls Wood Lake's maximum 
height, was installed at the natural outlet by local people 
to channel and control the heavy spring discharge (DeGroot, 
1982). It appears this raised the level of Wood Lake 
approximately two (2) feet (0.61 m). The Tokio, N.D. 7.5 -
minute quadrangle topographic map (photorevised 1975) listed 
Wood Lake's water level as 1522 feet (463.90 m) elevation, 
whereas the 1928 15-minute quadrangle topographic map showed 
a 1520-foot (463.30 m) elevation, This raising of the level 
of the Wood Lake initiated severe shore erosion along the 
northeast and southeast shores. In the early 1960's a 
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sunken rowboat was visible in 20 feet (6.1 ml of water, but 
because of eutrophication and the suspended sediment from 
erosion, water clarity decreased to where secchi disk 
readings showed a maximum depth of visibility of about 5 
feet (1.5 ml in 1982 (Degroot, 1982). 
Between the early 1960's and the present, Wood Lake 
underwent a gradual decline in use due to the increasing 
eutrophic condition of the lake. Presently, weed and algal 
growth cause the lake to have a greenish color in the 
summer, and often interfere with boating, fishing, and 
swimming activities. The Benson County Park has 
deteriorated; the dancehall pavillion has been torn down 
and the ruins of the bathhouse is all that remains to 
indicate a more active past. 
Purpose 
Because Wood Lake, once popular for boating and 
fishing, has been undergoing gradual eutrophication the past 
two decades, the North Dakota State Department of Health and 
the North Central Planning Council (Devils Lake, N.D.l 
initiated a Clean Lakes Phase I Diagnostic-Feasibility 
Study, under Section 314 of the Federal Water Pollution 
Control Act, for Wood Lake. Their initial study revealed 
the need to determine the impact of groundwater interactions 
upon the lake in terms of the direction and general flow 
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pattern around the lake. This study of the groundwater-lake 
interactions was necessary to the completion of their 
feasibility study. 
Previous Work 
Relevant studies not specifically concerned with 
eastern Benson County, but involving geohydrological 
settings similar to that of Wood Lake, include a discussion 
of the groundwater regime of permanent lakes in western 
canadian hummocky moraine terrains (Meyboom, 1967), 
groundwater-lake relationships in glacial settings 
(Williams, 1966; McBride and Pfannkuch, 1975; Jaquet, 1976; 
Winter, 1976; Karnauskas and Anderson, 1978; Born, Smith and 
Stephenson, 1979; Anderson and Munter, 1981), a three-part 
U.S. Geological Survey study on some North Dakota prairie 
potholes (Shjeflo, 1968; Sloan, 1972; Eisenlohr and others, 
1972), and a discussion of the geological and geochemical 
controls on the chemical evolution of subsurface water in 
western North Dakota (Groenewold, and others, 1983). 
Early generalized geological studies of the eastern 
Benson County area around Wood Lake included the 
physiography, glacial geology, and groundwater resources of 
the Devils Lake basin and Benson County (Upham, 1896; 
Simpson, 1912, 1929). Earliest detailed geologic studies of 
the region concentrated on the Oberon, Flora, and Tokio 
1 1 
15-minute quadrangles in eastern Benson County, with an 
emphasis on the glacial geology (Tetrick, 1949; Branch, 
1947; Easker, 1949). The glacial deposits around Wood Lake 
were mapped as the McHenry end moraine (Carlson and Freers, 
1975), a continuation of collapsed moraine deposits of the 
McHenry-Heimdal-Cooperstown phase in Eddy and Foster 
Counties (Bluemle, 1965). Radiocarbon-based chronology of 
the late Wisconsinan glaciation dated the "Cooperstown 
margin", which is coincident with the deposition of the 
McHenry end moraine, at approximately 11,700 to 10,300 
radiocarbon years BP (Clayton and Moran, 1982; Bluemle, 
1965). 
Groundwater resources of the eastern Benson County area 
have been discussed by Abbott and Voedisch (1938), Rasmussen 
(1945), Robinove, Langford, and Brookhart (1958), Brookhart 
and Powell (1961), and Paulson and Akin (1964), with Randich 
(1971, 1977) authoring two of the three-part County Ground 
Water report covering Benson and Pierce Counties. Analyses 
of Wood Lake water samples collected in 1949, 1952, and 1960 
have been useful for historical comparisons with samples 
collected by the North Central Planning Council during their 
Clean Lakes study from 1980 to 1982 (Swenson and Colby, 
1955; Mitten, Scott, and Rosene, 1968; DeGroot, 1982). 
METHODOLOGY 
Field 
Piezometers 
In order to determine the groundwater flow patterns 
around Wood Lake and the configuration of the water table, 
forty-three (43) piezometers (groundwater observation wells) 
. 
were installed around the lake during the summer of 1981 
(Figure 3, Table 1, Appendix A). Precise piezometer 
locations were dependent upon obtaining permission from 
landowners and cabin owners, who were very accommodating. 
In general, piezometers were located near the lake shore, 
between the cabins and the lake, and beyond the cabins 
within a quarter-mile of the lake. The piezometers 
consisted of two-inch diameter schedule 40 PVC pipe with a 
two-inch diameter slotted pipe section at the bottom for a 
screen. In several cases two piezometers were installed in 
the same hole and screened at different depths. These 
nested piezometers retain the same well number designation 
but are differentiated by using "SHALLOW" and ·~EEP" (ie., 
15. SHALLOW and 15 DEEP). 
Twenty-six (26) of the 43 piezometers were installed in 
holes drilled by the North Dakota Geological Survey truck-
12 
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Figure 3: Piezometer Location at Wood Lake . 
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TABLE 1. Piezometer Data 
WELL . . ELEV A'l'I ON OP SCl!ll:nfED Tm'AL WELL ELE'l A'l'IOII Kr 
NUMBER GRroND SURFACE INTERVAL DEPl'H WELL BOTTQIII 
111 ft L!BGTH Ill rt 111 rt 
1 472.00 1551.43 5 rt 12.45 40.85 460.43 1510.50 
2 466.84 1531.62 5 ft 6. 70 21.90 460.14 1509.64 
3 469.22 1539.42 5 rt 6.51 21.345 462.71 1510.005 
4 SHALL()\{ 402.79 1503.96 5 rt 12.40 40,675 470. 39 1543.205 
4 DEEP 402,79 1503.96 5 rt 18.29 60.oo 464,50 1523.96 
5 462.91 1510.73 5 ft 7.71 25.29 455.20 1493.44 
6 SHALLOW 465.99 1520.03 5 ft 4.23 13. 75 461. 76 1514.965 
6 DEEP 465.99 1520.03 5 ft 0.7; 28.625 457.26 1500.215 
7 486,97 1597. 67 5 rt 20.00 68.25 466.17 1529.42 
8 463.67 1521.21 5 ft 4.90 16.33 450.69 1504.00 
9 SHALLCM 466. 73 15;1.26 5 ft 6.02 19. 76 460.71 1511.50 
9 DEEP 466. 73 1531.26 5 rt 0.17 26.79 458.56 1504.47 
10 469.72 1541.06 5 ft 9. 71 31.055 460.01 1509.215 
11 462.93 1510.79 5 rt 5.00 19.29 457 .05 1499.49 
12 464~52 1524.01 5 rt 7.21 23.66 457.;1 1500.35 
1 3 SHALLO'w 475.96 1561.55 5 ft 9.41 30.065 466.55 1530.685 
13 DEEP 475.96 1561. 55 5 rt 12.oe 39.64 463.00 1521.91 
14 465.10 1528.13 5 rt 4. 73 15.525 461.05 1512.615 
1 5 SHALLOW 465,96 1528. 74 5 ft 6.99 22.92 450.97 1505.02 
15 DEEP 465.96 1528.74 5 ft 10.52 34,50 455,44 1494.24 
1 6 SHALLOW 466.94 1531.95 5 ft 5.16 16.92 466,78 1515.0; 
16 DEEP 466.94 1531. 95 5 ft 8.10 26.58 458,84 1505. 37 
1 7 SHALLOW 461.77 1514,99 5 ft 2.67 8.77 459.10 1506.22 
17 DEEP 461.77 1514.99 5 ft 5,97 19,585 455.80 1495.415 
1 8 SHALL<Y,i 466.5; 1530.62 5 ft 5.;4 17.52 461. 19 151;.10 
18 DEEP 466.53 1530. 62 5 rt 9,09 29.0; 457.44 1500.79 
19 465.03 1525.68 1 ft 2.18 7 .15 462.85 1518.53 
20 465.02 1525.66 1 ft 1.26 4,13 47;. 76 1521,53 
21 465.46 1527 .oe 1 ft 2.19 7.185 463,27 1519.905 
22 464.71 1524.65 1 ft 1.60 5.24 463.11 1519.41 
2; 464.64 1524,40 1 ft 1,52 4.99 46;.12 1519,41 
24 465.10 1525.93 1 ft 1. 39 4,57 463.71 1521.36 
16 
'l'AllLE 1. (cont.) 
i/ELL I ELEV ffl(ll OP SCBEDlED TmAL WELL ELEVfflOlf AT 
BID!Bm · GROURD SURJ'ACE l.BTER9AL DEP!'H WELL :Bffl(II{ 
m ft LllfGm m ft m ft 
25 465.06 1525.84 1 rt 2.21 7.255 462.87 1518.595 
26 SHALLOW 464.79 1524.91 1 ft 1.36 4.46 463.43 1520.45 
26 DEEP 464.79 1524.91 1 ft 2.11 6.92 462.68 1517.99 
27 SHALLOW 464.68 1524.55 1 rt 2.53 8, 30 462.15 1516.25 
27 DEEP 464.68 1524.55 1 rt 3.06 10.025 461.62 1514.535 
28 464.69 1524.57 1 ft 1.50 4.915 463.19 1519.665 
29 464.62 1524.:n 1 ft 1.11 3.645 463.51 1520.695 
30 464.92 1525. 31 1 rt 1.87 6.1} 463.05 1519.18 
31 464.86 1525.12 1 rt 1.29 4.24 463.57 1520.88 
32 464.45 1523.79 1 rt 3.00 9.84 461.45 1513.95 
33 464,45 1523. 79 1 rt 2.06 6. 76 462.39 1517 .03 
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mounted auger (wells 1 through 18 SHALLOW and 18 DEEP). 
Each of these piezometers had a 5-foot (1,52 m) screened 
interval at the bottom. These were designed to penetrate 
the water table as deeply as possible in order to determine 
hydraulic gradients and groundwater flow patterns. Drilling 
observations and cutting samples from these holes were also 
used to determine the stratigraphy of the glacial sediments 
immediately around Wood Lake. 
The remaining seventeen (17) piezometers (wells 19 
through 33) were installed in holes drilled by a portable 
gas-powered auger (post-hole digger), and manual soil-
sampler auger. These were generally shallow piezometers, 
with only a one-foot screened interval at the bottom. 
Designed for shallow penetration of the water table, these 
shallow piezometers were installed primarily to determine 
the level of the water table. 
Screened intervals for each piezometer were packed with 
auger cuttings. Approximately twenty-five (25) pounds of 
bentonite were used to separate screened intervals where 
there were two piezometers installed in the same hole. 
About 25 pounds of bentonite were also used to seal the 
auger hole between the screened interval and the ground 
surface. Bentonite was used as a hydrologic seal to prevent 
mixing of waters from various depths which could result in 
misleading water levels and chemistry. 
18 
Auger-Cutting Samples 
In order to delineate stratigraphy of the glacial 
deposits around Wood Lake and to supplement drilling notes, 
auger cuttings were collected from some of the holes in 
which piezometers were installed. These samples were 
collected at random intervals, either corresponding to 
various depths during the drilling operations or where there 
were visible textural changes in the sediment. 
samples were later analyzed in the laboratory. 
Slug/Bail Tests 
These 
Slug/Bail tests are a standard procedure used to 
determine hydraulic conductivities of the sediments around 
the screened section of a well or piezometer (Hvorslev, 
1951). Undisturbed water levels in piezometers are et 
equilibrium whenever the groundwater hydraulic pressure 
(head} over the piezometer•s screened interval is equal to 
the atmospheric pressure. Disturbing the water level, 
either by raising the water level (as for a slug test} or 
lowering the water level (as for a bail test} creates an 
imbalance. The rate at which the piezometer returns to the 
pre-disturbance equilibrium level is a function of the 
hydraulic conductivity of the sediments in which the 
screened interval of the piezometer is set. 
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For a slug test, a metal rod was lowered into the 
piezometer, displacing some water. The rate at which the 
water level dropped was recorded and plotted on a 
logarithmic scale. Two bail test methods were used. The 
primary method was to wait for the slug test water level to 
recover equilibrium, then pull the metal rod out or the 
piezometer and record the rate at which the water rose 
again. The metal rod used in all cases caused a 1.14 m 
(3,74 ft) change in the water level in the two-inch diameter 
wells. When the metal rod could not be used, several bails 
full of water were removed from the piezometer in quick 
succession, the rising water rate recorded and plotted on a 
logarithmic scale. 
The following equation was used to compute the value or 
the hydraulic conductivity from slug and bail tests 
conducted in piezometers around Wood Lake (Hvorslev, 1951): 
d 2 ln (2L/I>) 
K " 
8 L t 37 
L 
(for = greater than 8) 
d 
The variables are defined as follows; 
K = computed hydraulic conductivity (cm/sec) 
t 37 " time (sec) as read from the graph@ 37$ of the 
slug/bail test ratio 
L = length of screened interval (cm) 
L • 152,4 cm for five-foot screened interval 
20 
L = 30.48 cm for one-foot screened interval 
D = screen diameter (5.1 cm at all times) 
d = vell diameter (5,1 cm) 
In the hydraulic conductivity equation, only the t 37 
variable is unknovn, and that value is obtained by plotting 
the slug/bail test data on semi-log paper. Plots of the 
slug/bail test data utilized the folloving varables, vhere 
the vater level reading is the distance from the top of the 
pipe to the vater (see also Appendix B): 
h = vater level readings during the test; vater level 
readings are measured from top of pipe 
H = static vater level in piezometer (at equilibrium) 
as measured from top of pipe 
H0 = change in vater levelJ the first vater level 
reading after the metal rod is dropped into the 
piezometer, after the rod is pulled out, or 
after several bails full have been removed 
t = time (sec) of vater level readings taken during 
the test 
H 
-
H 
0 = initial change in vater level for a slug 
test, also called instantaneous change in vater 
level 
H H 0 = initial change in vater level for a bail 
test, also called instantaneous change in vater 
level 
21 
H-h = incremental change in water level for a slug 
test, change between static water level and 
individual water level readings made during the 
test 
h-H = incremental change in water level for a bail 
test 
H-h/H-H 0 = slug test ratio of incremental change in 
water level to instantaneous change in water 
level; this is the value plotted on the 
logarithmic scale of the semi-log paper, against 
the t value (recorded in per cent) 
h-H/H 0 -H = bail test ratio (recorded in per cent) 
Tables of slug/bail test data, and the graphs of those 
data are given in Appendix B. The time of the first water 
level reading wast= O. Time values (t) at each of the 
water level readings were plotted against the per cent ratio 
value. A straight best-fit line was drawn through the data 
points as a solid line. If this solid line did not pass 
through 1001 on the log scale, a parallel line was projected 
so that it would pass through that point (dashed line). The 
unknown value in the hydraulic conductivity equation (t 37 ) 
was the value oft taken where the line intersected the 371 
point. 
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~ater-Chemistry Samples 
In order to detect chemical variations in tbe ground-
water, water samples were collected from most piezometers 
during three separate sampling periods: July, August, and 
November, 1981. In some oases, where the piezometer did not 
contain enougb water, the well was not sampled. Due to time 
constraints during each sampling period, and the time 
involved in collecting and filtering each sample, some 
piezometers were not sampled all three times. All wells 
were bailed dry, or for at least 30 minutes, prior to 
sampling. 
Water samples were collected in a bailer, filtered 
through a 0.45 micron filter, and shipped to the North 
Dakota State Health Department Laboratories in coolers 
packed with ice. Some of the sample was fixed, using nitric 
acid for that part of the sample to be analyzed for trace 
metals, and sulfuric acid for nitrate, ammonia, and total 
phosphate analysis. 
Data Collection 
Water levels in the piezometers were monitored from the 
time of their installation in the summer of 1981 until 
December 1982 using a battery-powered electrical water level 
tape. The level of Wood Lake was also monitored, measuring 
the beigbt of the water on a breakwater near the natural 
23 
outlet. Slug/Bail tests were conducted during the summers 
of 1981, 1982 and 1983. 
A rain gauge was installed on 22 Hay 1981 on a fence 
post near the Smith farm, located on the western side of 
wood Lake. Members of the Smith family recorded precipi-
tation amounts immediately after rainfall-events, or at 6 
am. Snowfall-events were not measured at the lake itself. 
Data from the National Oceanic and Atmospheric 
Administration (NOAA) recording stations are available from 
Warwick, N.D, for 1981 (precipitation only, read at 
midnight), and for Devils Lake, N,D, for 1981 and 1982 
(precipitation and temperature read at 6 am). Rainfall 
measurements at Wood Lake were taken from 23 Hay 1981 to 30 
October 1981 and ij Hay 1982 to 1 December 1982. 
l..a.boratory 
Textural Analysis of Auger-Cutting Samples 
The auger-cutting samples that were collected during 
the drilling of holes were subsequently analyzed for 
textural properties. These results, plus the field 
observations, were compiled to determine stratigraphic 
sequences around Wood Lake (Appendix B, Appendix C). The 
Odden-Wentworth scale (Wentworth, 1922) and the 0 (phi) 
scale (Krumbein, 193ij) define the grain-size terminology 
(Table 2), but a modified soil classification was used 
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(Figure 4) to describe the textural analysis samples. These 
were grouped into four major types: loam-dominant (loam, 
clay loam, silt loam, silty clay loam), sand-dominant (sand, 
sandy loam, loamy sand), gravelly (gravelly sandy loam, 
gravelly clay loam, gravelly sandy clay loam, gravelly loamy 
sand), and gravel (loamy gravel, sandy loam gravel). The 
classification (Soil Survey Starr, 1951) was modified to 
include samples containing greater than 5S (by weight) of 
grain sizes in excess of 00 (granule, or la~ger). Where 5S 
• 3•~ (by weight) of the sample exceeded 00 the sediment was 
called gravelly. Where greater than 30J or the sample 
exceeded 00 it was called a gravel (Figure 4). 
According to laboratory procedures recommended by Royce 
(1970), a dry sample was weighed (usually 45 to 50 grams) 
and soaked in a 5 percent calgon solution in order to hold 
the clays in suspension. An hydrometer was used to 
determine the amount of clay (in grams) in suspension. The 
sample was then wet sieved, washing out all sediment less 
than 40 (1/16 mm diameter), The sample was dried and 
sieved, using 1/2 phi (0) intervals on a Ro-Tap sieving 
machine. The sediments separated into these intervals were 
weighed, and a weight percentage calculated for each 
interval. In most cases, two analyses were run for each 
sample, and the weight percentages averaged. Cumulative 
averaged weight percentages were plotted on probability 
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TABLE 2 
Grain-Size Classification 
Adapted from Wentworth (1922) and Krumbein (1934). 
0 
scale 
-90 
-80 
grain diameter 
(mm) 
sediment 
type 
boulder 
--------------------- 256 mm-------------------------
-70 
cobble 
-60 
64 mm-------------------------
-5 0 very coarse pebble 
32 mm - - - - - - - - - - - -
-4 0 coarse pebble 
16 mm 
- - - - - - - - - -
-3 0 medium pebble 
8 mm 
-
-
-
- - - - - - - -
-
-2 0 fine pebble 
----------------------- 4 mm-------------------------
_, 0 granule 
----------------------- 2 mm-------------------------
0 0 
+1 0 
+2 0 
- - - - - - - - - -
+3 0 
mm -
1/2 mm 
1/4 mm - -
1/8 mm -
very coarse sand 
coarse sand 
medium sand 
fine sand 
+4 0 very fine sand 
-------------------- 1/16 mm-------------------------
+5 0 to +8 0 silt 
------------------- 1/256 mm-------------------------
+9 0 to +8 0 clay 
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Figure 4: Soil Classification. 
Modified from Soil Survey Staff (1951). 
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clay toam 
sand: O 1lJ • +4,fa 
silt: +51lS • +81lJ 
clay:+90 • +10 0 
0 
sift loam 
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curves and the moment measures computed (median, mean, 
sorting, skewness, and kurtosis) (Folk and Ward, 1957), If 
two bags of sample were collected, two analyses were run for 
each bag and the four analyses averaged. 
RESULTS 
Stratigraphy 
Field observations during drilling operations and 
laboratory analyses of auger-cutting samples (textural 
analysis) were used in delineating the stratigraphy of 
unconsolidated sediments around Wood Lake. Tables of weight 
percentages, histogram plots, and probability curves for 
auger-cutting samples from selected representative piezo-
meter sites are given in Appendix C. A stratigraphic column 
for most piezometer sites are included in Appendix D. 
Interpretation of these data is that the collapsed moraine 
deposits around Wood Lake are comprised of complexly 
interfingered lenses of sand, gravel, silt, and clay within 
the till. Correlation of these lenses was not possible from 
the limited data available. 
The abundance of shale grains in most of the auger-
cutting samples, assumed to be derived from the local 
bedrock of the Cretaceous Pierre shale, probably biased the 
textural analysis data. The shale grains tended to 
disintegrate during the laboratory analysis process, skewing 
the data to a finer-grained distribution than actually 
existed. The presence of shale grains, quartz grains, and 
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carbonate grains of limestone and dolostone were noted upon 
visual inspection of the sieved fractions of auger-cutting 
samples. 
Piezometer site #4 lends itself to easy interpretation 
of the textural analysis data, and is discussed herein as an 
example (Figure 5, Appendix C), Ground elevation at the 
site of Well #4 was 1583,96 feet (482.79 m), At the 4-foot 
(1.22 m) depth (Sample 4-1) there is a high concentration of 
silt and clay fractions, with minor amounts of sediment in 
the finer sand fractions. This probably represents an 
eolian or lake deposit below a surficial gravelly deposit 
(probably till), Sample 4-2, from 6 feet (1.83 m), shows a 
high concentration in the medium to fine sand sizes, which 
is typical of a fluvial deposit. Sample 4-3, from 8 feet 
(2.44 m), is another sample with a high silt content, but 
with a minor percentage of medium to fine sand. This 
indicates a gradation between the sandy fluvial sediment at 
the 6-foot (1.83 m) depth and another possible eolian or 
lake deposit at the 14-foot (4.27 m) depth (Sample 4-4). 
Field notes taken during the drilling of site #4 record 
encountering pebbles and cobbles at a depth of 16 feet (4.88 
m), Sample 4-5, from 18 feet (5,49 m), shows a typical very 
dirty gravelly loam (till?) lithology, with high 
concentrations in both the very coarse (-30) and very fine 
(silt and clay) fractions. The last three samples, from 
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Figure 5: Stratigraphic Column for Piezometer Site #4. 
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depths of 28, 39, and 60 feet (8.53, 11.89, and 18.29 m) 
(Samples #4-6, 14-7, and #4-8), show the till becoming 
gradually finer with increasing depth. Field notes record 
encountering pebbles or cobbles at depths of about 31-33 
feet (9.45-10.06 m), 41-44 feet (12.50-13.41 m), and 56-57 
feet (17.07-17,37 m). These last three samples also 
contained high amounts of shale grains. The tendency for 
the shale grains to fall apart during the sample preparation 
process may account for, in part, the apparent trend of the 
till becoming finer with depth. Drilling observations 
indicated sandy layers from 48-54 feet (14.63-16,46 m) and 
61.5-67 feet (18.74-20.42 m), with a stiff loamy (clay?) 
layer from 67-69.5 feet (20.42-21.18 m). 
Differentiating between different tills (if there is 
more than one till in the area) is beyond the scope of this 
study, Carlson and Freers (1975) stated that "testholes 
penetrated till-sand-till successions with as many as 3 to 6 
separate till sections present at many localities ••• (which) 
are not lithologically distinguishable as continuous units 
on the basis of sample descriptions." I suspect there may 
be more than one till (i.e., a lodgement till below an 
ablation melt-out till) lumped together in the stratigraphic 
column descriptions, but this is irrelevant to this study, 
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Hydraulic Conductivities 
Hydraulic conductivities (Rvorslev, 1951) were 
calculated from slug and bail tests conducted in several 
piezometers around Wood Lake (Table 3). According to Freeze 
and Cherry (1979), the ranges of 10-5m/s to 10-Sm/s for 
hydraulic conductivities can represent flow through silty 
sand, silt/loess, and/or glacial till (Figure 6). 
Hvorslev (1951) states • ••• misleading results (can be) 
obtained when the permeability of this soil is changed by 
disturbance of the soil during advance of a bore hole ••• , 
clogging of the intake or removal of fine - grained 
particles from the surrounding soil, and accumulation of 
gases (gas bubbles) near the intake ••• • In several cases, 
the values for conductivities calculated from a slug test 
differ as much as a factor of 100 from the values calculated 
from a bail test (Table 3, piezometers #3, #6 SHALLOW, #15 
SHALLOW, and #16 DEEP). This is believed due to silt and 
clay clogging the screen as the water flowed into the 
piezometer. Slug tests, in which the water is flowing out 
of the piezometer, are probably a more reliable indication 
of the hydraulic conductivity in the settings characterized 
in this study. The screen-plugging effect can also be seen 
in delayed recoveries of water levels in some piezometers 
after the water levels were disturbed by bailing, sampling, 
or slug/bail tests (discussed in "Groundwater Occurrence and 
TABLE 3: Measured Hydraulic Conductivities 
WELL I SLUG Tl!ETS BAIL TIBTS t 7 f* t l NUMBER SE!llMENT m sec ft sec m sec ft sec 
2 I 1 ft clay 4 ft till 33 2,64x10-5 8,66x10-5 56.0 28 3,12x10-4 1,02x1o-4 66.1 
2 ft till 
-6 -6 2,541 2,65x1o-7 8,69x10-7 3 I 1 ft clay 728 1.20x10 3,94x10 3290 0.56 2 ft till 
755 -6 -6 2.44 5 I 5 ft till 1, 15x10 3,77x10 
6 SHALLOW 5 ft till 305 6 -6 -6 6.061 1740 5,02x10-7 6 -6 1.06 2.8 x10 9. 38x10 1, 5x10 
6 DEEP I 5 rt tn1 I 306 2,B5x10 -6 9,35x10 -6 6.04 
6 -6 1,40x1o-5 9,031 4,36x10-6 
... I 5 ft tn1 200 1,43x10-5 .... 7 205 4,2 x10 9,24 
8 I 2 ft ela.:, 3 ft till 6020 1,45x1o-
7 4,76x10-7 0,31 
9 DEEP I 5 ft sand 134 6 -6 , 51x10 2. nx10-5 13.0 I 114 6 -6 7, 5x10 2.51x10-5 16.2 
10 l5fteand I 26 3.36x10-5 1.1ox10-4 71.2 
11 I 5 ft till I 85 1,03x1o-5 3.3Bx10-5 21.8 82 · 1.06x10-5 3,4Bx10-5 22.5 
12 I 5 ft clay I 8880 -8 9.s3x10 3.22x10-1 0.21 
13 DEEP I 5 ft tn1 I 265 3,29x10 -6 1.00x10-5 6.97 
15 SHALLOW! 5 ft till I 232 6 -6 :,. 7 x10 1,23x1o-5 1.91 I 3240 2,69x10-7 8,82x10-7 0,57 
* s,;lf ,. ga1/ds.y/ft2 See Figure 3 for piezometer location. 
TABLE 3: Measured Hydraulic Conductivities (cont,) 
I I SLUG TE:lT IlAIL 'l'F.ST WELL t 
* 
NUMBE& SEDIMENT m aec ft sec 1B B8C f't aec f 
15 DEEP I 5 ft t111 I 3280 2,66x10-7 8,72x10-7 0,56 1840 4,74x10-7 -6 1. 55x10 1.00 
16 SHALLOWJ 5 ft clay 575 1.52x10-6 4,99x10 -6 3,22 
16 DEEP I 5 ft tin 515 6 -6 1. 9x10 5,54x10-6 3,58 I 8850 9,86x10-8 3,23x10-7 0.21 
18 DEEP I 5 ft t111 I 600 1,45x10 -6 6 -6 4,7 x10 3.07 
32 I 1 ft un I 480 5,51x10 -6 1.81x10-5 11,7 
~ 
* 2 gdf. gal/day/ft See Figure 3 for piezometer location, 
m/sec x 3,28 • ft/sec 
m/eec x 2,12x106 = gal/day/tt2 
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Figure 6: General Sediment Correlation with Measured 
Hydraulic Conductivities (K). Adapted from 
Freeze and Cherry, 1979. 
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Flow" section). Appendix A includes water level information 
on all piezometers for 1981 and 1982. 
The highest hydraulic conductivity values were obtained 
from piezometers #2, #10, and #11 on the east side of the 
lake, #9 DEEP at the north end, and #7 on the west side 
(Figure 3 and Table 3). The 5-foot screened interval for #2 
spanned one (1) foot of loam-dominant sediments (clay?) and 
four (4) feet of gravelly sediments (till?) (Appendix D). 
Piezometers #9 DEEP and #10 were completed in sand-dominated 
sediments (outwash?), while #7 and #11 were in gravelly 
sediments (till?) (Appendix D). The high values, 
partioularily from the #2 bail test, #10 bail test, and both 
slug and bail tests from #11, suggest that the fine-textured 
glaoial sediments around Wood Lake are fractured. 
The lowest hydraulio conductivity values were from 
piezometers #8 and #12 (Table 3). The 5-foot screened 
interval for piezometer #8 spanned two feet of loam-dominant 
sediments (a thick clay that stuck to the auger flights 
during drilling), and three feet of gravelly sediments 
(till?). Piezometer #12 was completed entirely in loam-
dominant sediments (also a thick clay that stuck to the 
auger flights during drilling) (Appendix D). 
Piezometer #8 was located at tbe natural outlet near 
the center of the eastern shore (Figure 3). Piezometer #12 
was located adjacent to Benson County Park property at the 
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north end of the lake on the edge of a swampy area. A 
road-fill-embankment extension of a road that ran behind the 
park's bathhouse separates a small embayment from the lake, 
creating a swampy area. The loam-dominant sediments at 
these two sites are probably lake silt/clay deposits. 
Hydraulic conductivity values determined from both a 
slug and a bail test on the same piezometer were fairly 
close together for 12, 11, 19 DEEP, and 111, indicating 
reliable values for those sites (Table 3), These four 
piezometers were also at sites where the higher conductivity 
values were measured. 
Piezometer nest 115 produced an unusual set of 
conductivity values (Table 3). Screened intervals for 115 
SHALLOW and 115 DEEP are found within the same gravelly 
sediment layer (till?) (Appendix D), but resulted in 
contrasting values. The slug test for 115 SHALLOW, 
conducted on 7 August 1981 (Table 3), resulted in a value of 
3,76 x 10- 6 m/sec, whereas bail test on 115 DEEP, conducted 
on 7 August 1981, produced a value of 4.74 x 10-7 m/sec. A 
slug test on 115 DEEP was done on 7 Hay 1982, producing a 
conductivity value of 2.66 x 10-7 m/sec. A~ test on 115 
SHALLOW was done on 23 Hay 1982, producing a conductivity 
value of 2,69 x 10-7 m/sec. Piezometer #15 SHALLOW'a slug 
test and 115 DEEP's bail test, were done in 1981. The 
nearly identical conductivity values from 115 SBALLOW's bail 
test and 115 DEEP's slug test were done in 1982. The 
apparent disparity in the values could be due to improper 
packing of sediments in the hole in which these piezometers 
were implaced. Because the actual drilled hole extended 
deeper than the screened interval of the deeper piezometer 
(Appendix D), the boles tended to collapse somewhat as the 
auger flights were being withdrawn. The PVC pipe of the 
deeper piezometers were often pushed into these collapsed 
sediments at the bottom of the hole. The bentonite used to 
seal the hole, separating the deeper screen from the 
shallower screen, was then poured down the hole. Auger 
cuttings were then pushed down the hole, the PVC pipe of the 
shallower piezometer was lowered into the hole, and more 
cuttings packed around the shallower screen. Another 
benton1te layer was then poured down the hole to create a 
seal between the top of the shallower screen and the ground 
surface. The cuttings packed around the piezometers were 
disturbed sediments, potentially having a higher hydraulic 
conductivity than the undisturbed sediments, As time passed 
and the auger cuttings settled, it is assumed that these 
cuttings would have a conductivity closer to that of the 
undisturbed sediments. Therefore, the higher values of 115 
SHALLOW's slug test and 115 DEEP's bail test conducted in 
1981 are interpreted to be reflective of the influence of 
the disturbed sediments in the auger-drilled hole, rather 
than being reflective of the hydraulic conductivity of the 
undisturbed sediments. The values of #15 DEEP's slug test 
and #15 SHALLOW's bail test(from 1982), being nearly equal, 
are interpreted as a more reliable indication of the true 
hydraulic conductivity of the sediments, with no apparent 
silt/clay - plugging (as discussed earlier in this section) 
taking place. In no other instances do the disturbed 
sediments in the auger-drilled holes appear to have 
influenced the slug/bail tests. 
Geohydrology of Eastern Benson County 
The general configuration of the water table in eastern 
Benson County is indicated by the water elevations of the 
kettle lakes in the region, which decrease eastward and 
northward from Wood Lake towards Devils Lake (Figure 7). 
This is coincident with the general surficial drainage of 
the area because Devils Lake is a topographically closed 
basin. The surficial drainage divide between the Devils 
Lake basin and the Big Coulee - Sheyenne River drainage 
basin is less than two miles to the west of Wood Lake. 
Three aquifers are delineated by Bandich (1977) in 
eastern Benson County (Figure 7), The Tokio and Warwick 
aquifers are in surficial glaciofluvial sands and gravels. 
The Spiritwood aquifer is a confined system in a buried 
valley that extends under Devils Lake and East Devils Lake. 
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Figure 7: Lakes and Glacial-Drift Aquifers in Eastern 
Benson County, N.D. 
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The Spiritwood aquifer extends generally north-south through 
the eastern one-third ot the state. The Warwick aquifer 
overlies the Spiritwood aquifer east of the town of Warwick, 
N.O., in extreme southeastern Benson County (Randich, 1977; 
not shown in Figure 7}. Aquifers in the area do not appear 
to influence significantly the configuration of the water 
table, as indicated by lake levels in the region. Aquifers 
in surficial glaciofluvial sand and gravel, such as the 
Tokio and Warwick aquifers, produce the best quality water 
in Benson County (Randich, 1977). 
Wood Lake is nearly equidistant between the Tokio 
aquifer, which follows the drainage ot Big Coulee to the 
west and south, and the Warwick aquifer to the east (Figure 
7}. Randich (1977) indicated a water level of 1559 feet 
(475.18 m) elevation in a well developed in the Tokio 
aquifer (well #151N064W02CAC3) approximately two miles 
northwest ot Wood Lake in November 1969. A well in the 
Warwick aquifer (well #151N064W010AAA) at the town of Tokio, 
N.D., had a water level of 1471 feet (448.36 m) elevation in 
November 1967. Because Wood Lake is generally at an 
elevation of 1522 feet (463.90 m), the northeasterly flow of 
groundwater around Wood Lake (as determined by water levels 
in piezometers} indicates the lake may serve as a recharge 
source for the Warwick aquifer near Tokio, N.D. This also 
implies that a groundwater divide higher than 1559 feet 
~6 
(475.18 m) in elevation exists between Wood Lake and the 
Tokio aquifer, probably similar in location to the surficial 
drainage divide between Wood Lake and Big Coulee. 
Groundwater Occurrence and Flow 
Water Table 
Only piezometers which barely penetrate the zone of 
saturation in unconsolidated sediments can be used to 
determine the level and conf1guat1on of the water table. 
With deeper penetration the piezometer water level will 
represent the head rather than the level of the water table, 
Water table-defining piezometers in this study were those in 
which the water levels were within the 5-foot screened 
intervals (such as 9 SHALLOW, 13 SHALLOW, and 18 SHALLOW), 
plus those hand-installed piezometers with a one-foot 
screened interval (wells 19 through 33), In cases where two 
of the water table piezometers were close together (either a 
SHALLOW/DEEP pair or two wells within ten feet of each 
other), the water level in the shallower well was used as 
the level of the water table. Piezometer water levels and 
their corresponding hydrographs are included in Appendix A. 
As mentioned in the hydraulic conductivity section, a 
possible screen-clogging effect was inferred during some 
slug/bail tests. Silt and clay particles were believed to 
be clogging the piezometer screen as the water was rising 
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during bail tests. Delayed recovery of water levels in 
piezometers after an artificial disturbance, particularly 
bailing (symbolized by• on the water level graphs), where 
several days were required for the piezometer to recover to 
near the pre-disturbance water level, can be seen in 
piezometer water level graphs, such as 18 (Figure 8), #18 
SHALLOW (Figure 9}, and #19 (Figure 10) (see also Appendix 
A). In some rare cases, such as well 13, induced 
disturbances appear to clean out the screen, as indicated by 
the water level rising to a higher elevation immediately 
after bailing (Figure 11}. Because there were a minimum of 
induced disturbances of the water levels during 1982, in 
contrast to 1981, discussions of water levels in piezometers 
will deal mainly with 1982 data, 
Water table contour maps were constructed for 9 July 
1981 (Figure 12), 11 October 1981 (Figure 13), and 23 May 
1982 (Figure 14). Water table contours are roughly parallel 
to the length of Wood Lake. Water levels to the south and 
west of the lake are consistently higher than the water 
level in Wood Lake, and water levels to the north and east 
are consistently lower. This indicates a general north-
easterly direction of groundwater flow, similar to the 
general direction of surface drainage. 
The level of the water table varies seasonally, and is 
affected by duration and magnitude of precipitation events, 
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Figure 8: Water Level Graph for Piezometer 18 shoving 
delayed recoveries of water levels after an 
artifical disturbance, such as bailing, 
sampling, or slug/bail test. 
See Figure 3 for piezometer location. 
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Figure 9: Water Level Graph ror Piezometer #18 SHALLOW 
showing delayed recoveries or water levels 
after an artificial disturbance, such as 
bailing, sampling, or slug/bail test, 
See Figure 3 for piezometer location. 
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Figure 10: Water Level Graph for Piezometer #19 {1981) 
showing delayed recoveries of water levels 
after an artificial disturbance, such as 
bailing, sampling, or slug/bail test. 
See Figure 3 for piezometer location • 
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Figure 11: Water Level Graph for Piezometer 13 showing 
enhanced recovery of water levels after an 
artificial disturbance, such as bailing, 
sampling, or a slug/bail test. 
See Figure 3 for piezometer location. 
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Figure 12: Water Table Contour Map for 9 July 1981. 
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Figure 13: Water Table Contour Hap for 10 October 
1981. 
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Figure 14: Water Table Contour Map for 23 May 1982. 
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rate of the spring melting of snow and ice, and evapo-
transpiration, D~~ing the summer, the water table is 
influenced especially by evapotranspiration, a process by 
which water moisture is lost to the atmosphere by 
evaporation from the soil and transpiration from the 
surfaces of plants. Rates of evapotranspiration are 
influenced by the type and amount of vegetation, topography, 
the rate at which groundwater can flow through the saturated 
and unsaturated zones in the ground, duration and magnitude 
of precipitation events, bow close the water table is to the 
ground surface, temperature, wind velocity, and changes in 
atmospheric pressure. Vegetation plays a dominant role in 
influencing the level of the water table in the summer by 
intercepting precipitation before it strikes the ground, or 
drawing the moisture out of the soil before it can 
infiltrate to the water table. Vegetation with deep root 
systems, such as trees, can also draw water out of a shallow 
water table, Usually only during the early spring (due to 
the spring snow-melt) and the late fall, while the 
vegetation is primarily dormant, does most of the 
precipitation infiltrating the ground reach the water table. 
Therefore it is not surprising that the level of the water 
table, as indicated by the water table piezometers, is 
usually highest in the spring and lowest in the early fall. 
A slight rise in the water table occurred at Wood Lake after 
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the first killing frost and before the ground froze in the 
winter in both 1981 and 1982. 
Climatological Influences 
Precipitation recorded at the Smith farm on the western 
side of Wood Lake, and at the National Oceanic and Atmos-
pheric Administration (NOAA) stations in Devils Lake, N.D. 
and Warwick, N.D. are presented in Appendix E. Only 
rainfall-events were recorded at Wood Lake (Figure 15 and 
1 6 ) • 
The NOAA recording station at Devils Lake, N.D., at the 
KDLB radio station, recorded temperature and precipitation, 
whereas the Warwick, N.D. station recorded precipitation 
during 1981 only. The general length of the growing season 
in the eastern Benson County area can be estimated from the 
temperature data from the Devils Lake station. In the 
spring of 1982, the last day on which a temperature below 
32°F was recorded was on 8 May, and the last temperature 
below 40°F was recorded on 2 June (National Oceanic and 
Atmospheric Administration, 1982). This would put the date 
of the last killing frost of the spring of 1982 in early 
May, but the cool temperatures into early June probably 
inhibited plant growth. For the purposes of this discus-
sion, the beginning of the main growing season is considered 
as early June. In the fall of 1982, the first temperature 
64 
Figure 15: Wood Lake 1981 Rainfall. 
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Figure 161 Wood Lake 1982 Rainfall. 
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below 40°F was recorded on 14 September, and the first 32°F 
temperature on 20 September (National Oceanic and Atmos-
pheric Administration, 1982). This brackets th_e main 
growing season between early June and mid-September, during 
which the effects of evapotranspiration are at their 
maximum. Snow melt and precipitation events before late-May 
and after mid-September have a better chance of recharging 
the water table than precipitation events during the growing 
season. This can be seen in the hydrographs of the lake 
level and piezometer water levels, where, despite 5.75 
inches of rain being recorded at Wood Lake during June 1982, 
and 3.85 inches in July 1982, most hydrographs show a steady 
decline from June to early August or into October {Figure 
16, Figure 17, Appendix A). 
Of particular interest was the impact of a drought in 
the late summer of 1982, which was followed by a series of 
precipitation events in the early fall of 1982. There was a 
total of 5.45 inches of rainfall recorded at Wood Lake 
during twelve (12) of the sixteen (16) days between 27 
September and 12 October. This was preceded by twenty-six 
(26) days during which no rain was recorded at Wood Lake, 
and followed by another sixteen (16) days without 
precipitation (Figure 16), This short wet period was after 
the first killing frost of the fall. The resulting lake and 
piezometer hydrographs show a rise in October and early 
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Figure 17: Wood Lake Hydrographs showing lake levels 
for 1981 and 1982. 
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November as this precipitation reached the water table and 
moved through the area. Some nested piezometers, like #6 
SHALLOW/DEEP, show a slight gradual tapering-off of water 
levels into December (Figure 18), At other nested 
piezometer sites, such as #9 SHALLOW/DEEP, later precip-
itation events added to the earlier influx of moisture, with 
the hydrograph showing a gradual rise into December (Figure 
19). In the case of the 19 SHALLOW/DEEP nested pair, the 
movement of this early fall precipitation through the 
groundwater flow system around Wood Lake caused a reversal 
of the groundwater gradient, from its usual downward 
gradient, to an upward gradient for less than two weeks 
before returning to~ downward gradient (Figure 19). 
Local Groundwater Flow System 
Piezometers which extend to or below the water table, 
and are close together {either a SHALLOW/DEEP pair, or are 
within ten feet of each other) are considered to be nested 
piezometers. Nested piezometer pairs were used to determine 
the vertlcal component of groundwater flow around Wood Lake. 
Nested pairs with water levels of equal height indicated 
where groundwater flow was horizontal. Where the deeper 
piezometer of the nested pair had a higher water level than 
the shallower well, there was an upward gradient of flow, 
indicating a zone where groundwater was discharging. Where 
r 
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Figure 18: Hydrographs for Nested Piezometers #6 
SHALLOW and #6 DEEP (1982) showing 
variations in water levels. 
Note rapid response of #6 SHALLOW to a series of 
rainfall events in October and November after the first 
killing frost. See Figure 3 for piezometer location. 
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Figure 19; Hydrographs for Nested Piezometers #9 
SHALLOW and #9 DEEP (1982) showing 
variations in the water levels. 
Note the rise in water levels and temporary reversial 
of gradient in response to a series of rainfall events 
in October and November after the first killing frost, 
See Figure 3 for piezometer location. 
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the deeper well had a lower water level than the shallower 
well, there was a downward gradient of flow, indicating a 
zone of potential recharge. The greater the separation 
between water levels in a particular nested pair for a given 
date, the greater the gradient of the vertical component of 
ground-water flow. 
Nested piezometer pairs 6 SHALLOW/DEEP at the northwest 
end of Wood Lake, 16 SHALLOW/DEEP mid-way down the western 
shore, and 15 SHALLOW/DEEP at the southwest end all showed a 
strong upward gradient along the western shore (Figures 18, 
20, and 21). Water levels in these nested pairs differed as 
much as one to six feet between the shallow and deep wells. 
Horizontal to downward gradients of flow were found in 
the areas around nested pairs 17 SHALLOW/DEEP, 
18 SHALLOW/DEEP, and 28-29 (Figures 22, 23, and 2ij). Well 
#17 was located on the edge of the intermittent stream below 
Wood Lake's natural outlet and just above a swampy area. 
Well 118 was positioned along the eastern side of the lake, 
whereas the 28-29 pair was positioned at the south end 
(Figure 3). 
Nested piezometer pairs 132-133 and 19 SHALLOW/DEEP at 
the northern end of the lake revealed how gradients can 
change during the year. The 32-33 pair, located on the 
northwest shore, had an upward gradient in spring 1982, a 
downward gradient in mid-summer as the water table dropped 
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Figure 20: Hydrographa for Nested Piezometera #16 
SHALLOW and #16 DEEP (1982) showing 
variations in water levels, and a ~trong 
upward gradient. 
See Figure 3 for piezometer location. 
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Figure 21; Hydrographs for Nested Piezometers 115 
SHALLOW and 115 DEEP (1982) showing 
variations in water levels, and a strong 
upward gradient. 
See Figure 3 for piezometer location. 
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Figure 22: Hydrographs for Nested Piezometers #17 
SHALLOW and #17 DEEP (1982) showing 
variations in water levels, and a constant 
downward gradient. 
See Figure 3 for piezometer location. 
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Figure 23: Hydrograpbs for Nested Piezometers 118 
SHALLOW and 118 DEEP (1982) showing 
variations in water levels, and the 
horizontal to downward gradient of flow, 
See Figure 3 for piezometer location. 
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Figure 24: Hydrographs for Heated Piezometers #28 and 
#29 (1982) showing a consistent downward 
gradient. 
See Figure 3 for piezometer location • 
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sufficently so that it was being recharged by the lake, and 
an upward gradient again in the fall (Figure 25). The cause 
for this shift to a downward gradient is unknown. The #9 
SHALLOW/DEEP nested pair, in the Benson County Park, had a 
downward gradient in the spring, summer, and late fall, but 
an upward gradient in the early fall (discussed above). 
A set of three west-to-east cross sections (cutting 
across Wood Lake's northern end, middle, and southern end) 
was constructed for the dates of 9 July 1981, 10 October 
1981, and 23 May 1982, corresponding to the dates of the 
water table contour maps (Appendix F, Figures 12, 13 and 
1ij). These cross sections graphically illustrate that, 
although piezometer water levels, lake level, and the level 
of the water table varied through the year, their basic 
over-all relationship within the local groundwater flow 
regime did not change appreciably. Piezometer water levels 
to the west of Wood Lake remained consistently higher than 
the level of the lake, while piezometer water levels to the 
east were consistently lower. 
On the basis of the water levels in the piezometers, 
and the gradients indicated by the nested pairs, the 
groundwater flow regime around Wood Lake was determined to 
be relatively simple. Northeasterly flowing groundwater 
intercepts the southwestern shore where it discharges in a 
series of shoreline and underwater springs and seepages. 
i 
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Figure 25: Hydrographs for Nested Piezometers #32 and 
#33 (1982) showing reversals in gradient 
during the year, 
See Figure 3 for piezometer location, 
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The lake, in turn, serves as a recharge source of water 
along the northeast shore. There is no groundwater entering 
the lake from the northeast shore. 
Water Chemistry 
Processes which control the chemistry of groundwater in 
western North Dakota have been discussed by Groenewold, and 
others (1983), and are applied herein to the groundwater 
chemistry around Wood Lake. Chemical analyses of water 
samples collected from Wood Lake, th~ piezometers, and two 
private wells are given in Appendix G. 
Chemical classification of groundwater is based upon 
the dominant cation and anion constituents, expressed in 
milliequivalents per liter (meq/1). Hem (1970) states that 
•water in which no one cation or anion constitutes as much 
as 50J of the totals should be recognized as a mixed type 
and identified by the names of all important cations and 
anions.ff Herein, names of mixed type waters list the 
dominant (greater than 20J) cations and anions in descending 
order from greateat to least in relative concentration 
(e.g., calcium-magnesium-sodium bicarbonate). 
Chemical evolution of groundwater is dependent upon the 
mineralogy of the sediments that the groundwater encounters. 
Visual inspection of the auger cutting samples during the 
sieving process noted the presence of shale grains {probably 
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derived from the Cretaceous Pierre shale bedrock), quartz 
grains, and carbonate grains of limestone and dolostone. 
Tourtelot, and others (1960), reported that the 
mineralogical composition of the Pierre shale includes clay 
minerals (651 to SOS), quartz (151 to 201), calcite, 
dolomite, pyrite, and gypsum, The clay fraction in the 
Pierre shale typically consists of the calcium-rich variety 
of montmorillonite (251 to 451), mixed-layer illite-
montmorillonite (351 to 451), illite (151 to 251), kaolinite 
(51), and chlorite (51). The clay minerals, carbonate 
grains, pyrite, and gypsum, derived from Pierre shale grains 
in the glacial deposits or present as secondary minerals, 
are believed to be the major minerals influencing the 
chemical evolution of the groundwater around Wood Lake. 
Major processes assumed to influence the groundwater 
chemistry around Wood Lake are production of carbon dioxide 
from plant respiration and oxidation of organic matter in 
the soil zone, and oxidation of iron - bearing minerals 
which produce hydrogen ions and, in the case of iron 
sulfides such as pyrite and marcasite, sulfate ions. 
Groenewold, and others (1983) stated that the oxidation of 
iron sulfide minerals "is one of the strongest acid -
producing reactions known to occur in natural geologic 
systems.• The hydrogen ion concentration (pH) can be 
buffered by dissolution of calcite and/or dolomite, which 
controls pH and supplies calcium and magnesium ions to the 
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groundwater. Dissolution of calcite, dolomite, and/or 
gypsum are the potential sources for calcium ions in the 
groundwater, whereas dolomite dissolution is the probable 
source for magnesium ions. Cation exchange of calcium ions 
in the groundwater for the sodium ions in sodium-mont-
morillonitic clays present in many of the glacial deposits 
in North Dakota can decrease the calcium concentration and 
increase the sodium concentration (Groenewold, and others, 
1983). Although Tourtelot and others (1960) reported that 
the clay fraction in the Pierre shale typically consists of 
calcium-rich montmorillonitic clay, not mentioning a 
sodium-rich variety, both varieties are assumed to be 
present; this was not confirmed. If sodium-rich mont-
morillonite is present, it is assumed to be relatively 
scarce in the glacial sediments around Wood Lake. 
Freeze and Cherry (1979) state that •continual movement 
of groundwater through the cation exchange zone can be 
accompanied by a gradually changing pore chemistry, even 
though exchange equlibrium in the pore water is maintained 
at all times. This condition of changing equlibrium is 
particularly characteristic of cation exchange processes in 
the groundwater zone" (p. 131). "Because exchange reactions 
between cations and clays are normally fast, the cation 
concentrations in groundwater can be expected to be in 
exchange equilibrium, but many thousands or millions of pore 
volumes may have to pass through the porous medium before 
. . 
~ ,. 
·r 
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the ratio of adsorbed cations completely adjusts to the 
input water. Depending on the geochemical and hydrologic 
conditions, time periods of millions of years may be 
necessary for this to occur" (p. 133). A lack of the 
sodium-rich clay therefore may delay the appearance of 
cation exchange effects, such as an increase in sodium 
concentration in the groundwater, until the water has had 
enough time to encounter a sufficient amount of the 
sodium-rich clay. 
Wood Lake is characterized by a magnesium bicarbonate 
type of water. Analyses of water samples collected in 1949 
and 1952 (Swenson and Colby, 1955), and in 1960 (Mitten, 
Scott, and Bosene, 1968), indicate Wood Lake has consis-
tently bad a magnesium bicarbonate water type as far back as 
1949 (Appendix G). Preferential removal of calcium from the 
lake water through macrophyte photosynthesis is probably the 
reason magnesium is the dominant cation in the water of Wood 
Lake (Sauer, 1984, personal communication). 
Water samples from piezometers west of Wood Lake 
indicate that groundwater flowing toward the lake is 
generally a calcium bicarbonate type. Mixing of this 
groundwater and the lake water that recharges the water 
table may, in part, account for the variations in the 
groundwater chemistry to the north and east of the lake 
(Figures 26, 27, and 28) of calcium-magnesium bicarbonate 
and magnesium-calcium bicarbonate water types. 
Figure 26: 
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Water Chemistry Around Wood Lake, July 
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Figure 27: Water Chemistry Around Wood Lake, August 
1981. 
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Figure 28: Water Chemistry Around Wood Lake, November 
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One of the major impacts of the regional groundwater 
divide located west of Wood Lake is that the groundwater 
around the lake is locally derived; it has a relatively 
short residence time in the ground. The length of time the 
water remains in the ground is an important factor 
controlling groundwater chemistry in some settings, such as 
around Wood Lake. In sediments containing equal amounts of 
both calcite and dolomite, the groundwater will have more 
calcium than magnesium near the recharge area because the 
dissolution of calcite is faster than dolomite {Drever, 
1982). The calcium bicarbonate groundwater west of Wood 
Lake probably reflects the short residence time and the 
proximity of the recharge area along the regional divide. 
A longer groundwater residence time would allow more 
time for the water to come in contact with sodium-rich 
montmorillonitic clay, creating a greater potential for 
cation exchange reactions to occur. Cation exchange of 
calcium for sodium can reduce the amount of calcium and 
increase the amount of sodium in the groundwater. This 
mechanism is probably responsible for explaining the 
presence of calcium-magnesium-sodium bicarbonate waters 
found at piezometer sites 117 SH&LLOW (July, 1981), #17 DEEP 
(August, 1981), #18 DEEP (July, August, and November, 1981), 
and #28 (August, 1981) (Figures 26, 27, 28, and Appendix G). 
Cation exchange reactions can also be partly responsible for 
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the variation in water types to the north and east of Wood 
Lake, as the relative ionic concentration of calcium is 
decreased with respect to magnesium, such as the calcium-
magnesium bicarbonate water type at piezometer #2 (July, 
August, and November, 1981). 
Hem (1970) notes that ion ratios can be used to 
evaluate and quantify similarities or differences between 
water samples. A calcium-to-magnesium ratio can be useful 
in studying water samples from limestones (calcite) and 
dolostones (dolomite), whereas a sodium-to-total cation 
ratio can be useful in areas where cation exchange reactions 
could be occurring (Hem, 1970). 
In order to relate mineralogies (calcium vs dolomite) 
and cation exchange reactions, the ratio of calcium-to-
sodium was plotted against the magnesium-to-sodium ratio for 
each piezometer water sample (Figures 29, 30, and 31), with 
different symbols representing the various water types. 
Those samples which plot in the lower cluster on each graph 
(calcium-to-sodium and magnesium-to-sodium ratio values less 
than 7) (Figures 29, 30, and 31) reflect water samples in 
which cation exchange has decreased the amount of calcium 
relative to magnesium and sodium, and/or where magnesium 
bicarbonate lake water has mixed with the calcium 
bicarbonate groundwater. Those samples in the "pper cluster 
of each graph {ratio values greater than 7) have low levels 
~ 
~:· 
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Figure 29: Graph of calcium-sodium ratios vs 
magnesium-sodium ratios for water samples 
collected in July 1981. 
Samples having calcium-sodium and magnesium-sodium 
ratio values greater than 7 represent groundwater that 
is relatively unaffected by cation exchange reactions. 
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Figure 30: Graph of calcium-sodium ratios vs 
magnesium-sodium ratios for water samples 
collected in August 1981. 
Samples having calcium-sodium and magnesium-sodium 
rati~ values greater than 7 represent groundwater that 
is relatively unaffected by catlon exchange reactions. 
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Figure 31: Grapb of calcium-sodium ratios vs 
magnesium-sodium ratios for water samples 
collected in November 1981. 
Samples having calcium-sodium and magnesium-sodium 
ratio values greater than 7 represent groundwater that 
is relatively unaffected by cation exchange reactions. 
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of sodium and represent samples relatively unaffected by 
cation exchange reaotions. These samples are from 
piezometers with calcium bicarbonate water types west of 
Wood Lake, and piezometer 15, to the north-northwest of the 
lake {Figure 3, 26, 27, and 28), The relatively brief 
residence time of the groundwater in the glacial sediments 
to the west of Wood Lake, and a relative scarcity of 
sodium-rich montmorillonitic clay, are probably the major 
factors controlling the apparent absence of the effects of 
cation exchange reactions on the water chemistry. 
Piezometer 15 is north of the region affected by lake -
groundwater mixing, and therefore has a water chemistry 
similar to the groundwater west of the lake. 
Piezometer 113 SHALLOW, sampled only once {November, 
1981), yielded the only sodium sulfate water sample, which 
does not correlate to the general groundwater chemistry 
around Wood Lake. Piezometer 113 DEEP had a calcium 
bicarbonate water type in November, 1981, Piezometer 113 
SHALLOW is screened in the same gravelly {till?) layer as 
#13 DEEP (Figure 3, Appendix D). The unusual water type 
found at 113 SHALLOW 1s probably an isolated case where 
either open system iron-sulfide oxidation, or dissolution of 
sulfate salts {such as gypsum), has released a substantial 
am6unt of sulfate ions. Sufficient sulfate may be supplied 
to the calcium bicarbonate groundwater to allow precip-
• 
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itation of gypsum at or near the top of the water table, as 
discussed by Groenewold, and others (1983), 
Therefore, in #13 SHALLOW, cation exchange replacing 
the calcium for sodium is probably responsible for the high 
concentration of sodium, and the high concentration of 
sulfate is either due to the oxidation of iron sulfates or 
to dissolution of gypsum in the glacial sediments. The 
calcium bicarbonate water type found in #13 DEEP indicates 
the sodium sulfate water in #13 SHALLOW is restricted to the 
top of the water table at this site. 
Nested piezometer pairs 19 SHALLOW/DEEP, at the north 
end of Wood Lake, and 117 SHALLOW/DEEP northeast of the 
lake, are the only two oases in which a difference in water 
types between the shallow and deep wells of a nested pair 
coincided with the screened intervals of the pair being 
completed in different stratigraphic layers, Piezometer 19 
SHALLOW is screened in a gravelly (till?) layer above the 
sand (outwash?) layer in which #9 DEEP is screened. 
Piezometers 117 SHALLOW and 117 DEEP are screened in loam 
(clay?) layers that are separated by a sand layer and are 
therefore not in the same continuous layer at this site 
(Table 4). 
Water chemistry in piezometer 19 SHALLOW varied from a 
magnesium bicarbonate in July 1981, to a calcium-magnesium 
bicarbonate in August 1981, and to a magnesium bicarbonate 
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TABLE 4 
Piezometer Screened Interval Stratigraphy 
SEDIMENTS 
AT 
WELL SCREENED 
NUMBER INTERVAL COMMENTS 
5 ft ti 11 
2 1 ft clay 
4 ft till 
2 ft till 
3 1 ft clay 
2 ft till 
4 SHALLOW 5 ft till #4 SHALLOW and #4 DEEP 
are separated by a 
sand layer 
4 DEEP 5 ft till 
5 5 ft till 
6 SHALLOW 5 ft till 
#6 SHALLOW and #6 DEEP are 
in the same till layer 
6 DEEP 5 ft ti 11 
7 5 ft till 
8 2 ft clay 
3 ft till 
9 SHALLOW 5 ft till 
9 DEEP 5 ft sand 
10 5 ft sand 
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Table 4:. Piezometer Screened Interval Stratigraphy (cont.) 
WELL 
NUMBER 
1 1 
12 
13 SHALLOW 
13 DEEP 
1 4 
15 SHALLOW 
15 DEEP 
16 SHALLOW 
16 DEEP 
17 SHALLOW 
17 DEEP 
18 SHALLOW 
18 DEEP 
19 
20 
SEDIMENTS 
AT 
SCREENED 
INTERVAL 
5 ft till 
5 ft clay 
5 ft till 
5 ft till 
5 ft till 
5 ft till 
5 ft till 
5 ft clay 
5 ft till 
5 ft clay 
5 ft clay 
1 ft sand 
4 ft gravel 
5 ft till 
ft till 
1 ft till 
COMMENTS 
113 SHALLOW and 113 DEEP are 
in the same till layer 
destroyed, June 1981 
115 SHALLOW and 115 DEEP are 
in the same till layer 
117 SHALLOW and 117 DEEP are 
separated by a sand layer 
#19 and 120 are in the 
same till layer 
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Table 4: Piezometer Screened Interval Stratigraphy (cont.) 
WELL 
NUMBER 
2 1 
22 
23 
24 
25 
26 SHALLOW 
26 DEEP 
27 SHALLOW 
27 DEEP 
28 
29 
30 
31 
32 
33 
SEDIMENTS 
AT 
SCREENED 
INTERVAL 
1 ft till 
1 ft till 
1 ft till 
1 f't clay 
1 ft till 
1 f't sand 
1 ft sand 
1 ft till 
1 ft till 
1 ft till 
1 ft till 
1 ft till 
1 ft till 
1 ft till 
1 ft till 
COMMENTS 
122 and 123 are in the 
same till layer 
126 SHALLOW and 126 DEEP are 
in the same sand layer 
127 SHALLOW and 127 DEEP are 
in the same till layer 
#28 and 129 are in the 
same till layer 
130 and 131 are in the 
same till layer 
132 and 133 are in the 
same till layer 
113 
again in November 1981. Piezometer #9 DEEP was just the 
opposite, with magnesium bicarbonate water in August, and 
calcium-magnesium bicarbonate water in July and November 
(Figures 26, 27, and 28). Water levels in the nested pair 
indicate there was a consistent downward gradient throughout 
1981 at this site (Appendix A). Although the chemical 
variation may be due, in part, to the screened intervals 
being completed in different stratigraphic layers, it is 
more likely due to alight variations in the north - to 
northeasterly direction of groundwater flow, mixing of 
magnesium bicarbonate lake water and calcium bicarbonate 
groundwater, and the downward gradients. 
Water chemistry in piezometer #17 SHALLOW varied from 
calcium-magnesium-sodium bicarbonate in July 1981, to 
calcium bicarbonate in August and November, 1981. 
Piezometer #17 DEEP had a calcium-magnesium-sodium 
bicarbonate water type in August, with a calcium bicarbonate 
water type in July and November (Figures 26, 27, and 28). 
Water levels in this nested pair indicated there was an 
upward gradient from May to early August in 1981, with a 
downward gradient from August through December in 1981 
(Appendix A). The August water samples were collected just 
after the change from the upward gradient to the downward 
gradient. Again, the different stratigraphic layers at the 
screened intervals of this nested pair may, in part, be 
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responsible for this chemical variation. However, it is 
more likely that this is due to the mixing of lake water and 
groundwater, and the influence of the changes in the 
gradient. 
Although most piezometers around Wood Lake are screened 
in gravelly (till?) sediments, there are a few screened in 
loam (eolian silt or clay?), sand and gravel (outwash?) 
(Table 4). Stratigraphic variations in the fractured 
fine-textured glacial sediments do not appear to influence 
groundwater chemistry around Wood Lake significantly. 
Position in the groundwater flow pattern relative to the 
regional ground-water divide, and relative to Wood Lake, 
rather than stratigraphy, appears to be the major control on 
the groundwater chemistry. 
Clean Lakes Study Results 
At the beginning of this study, it was natural to 
assume that the progressive eutrophioation of Wood Lake was 
due to the septic systems of the sixty-nine cabins, which 
are located mostly along the northern and eastern shores of 
the lake. However, this study bas revealed that groundwater 
does not discharge into Wood Lake along the northern or 
eastern shores. This information sent Earl DeGroot of the 
North Central Planning Council, and North Dakota State 
Department of Health limnologist, Mike Sauer, in search of 
115 
another cause for the lake's eutrophic condition {DeGroot, 
1982). DeGroot reported the lake to be strongly nitrogen 
limited, with a nitrogen-to-phosphorus ratio of 2.9:1. 
However, nitrogen input into a lake is much harder to 
control than phosphorus, as most nitrogen is introduced into 
the lake via rainfall. Soil samples and lake sediment 
samples analyzed by the United States Geological Survey 
{Denver lab) indicate that the soil contains 0.353 grams of 
phosphorus per kilogram of dry soil, and the lake sediment 
contains 0.760 grams of phosphorus per kilogram. DeGroot 
computed that q3j of the annual phosphorus load input into 
the lake is derived from erosion of the phosphorus - bearing 
soil into the lake. The cause of the extensive shore 
erosion, and the beginning of the decline in Wood Lake water 
quality can be traced back to the 1960's when the culvert 
was installed, which controls the discharge from the lake, 
and which apparently raised the level of the lake 
approximately two feet. 
Recommendations by DeGroot {1982) for pollution control 
and restoration procedures include lowering the level of the 
lake, adding rip-rap to erosion - susceptible sections of 
shoreline, removal of the estimated twelve to thirteen feet 
of phosphorus - rich muck that covers the bottom of the 
lake, treating the lake with alum {aluminum sulfate) to 
remove phosphorus from the lake water, and urging present 
1 1 6 
and future cabin owners along the south and west shores to 
consider installing a total containment septic system to 
prevent septic effluent from being discharged into the lake 
from the high water table. 
SUMMARY 
Wood Lake is near the southwest edge of the Devils Lake 
interior basin, within two miles of the regional drainage 
divide separating the Devils Lake basin and the drainage of 
Big Coulee - Sheyenne River. A groundwater divide is 
approximately coincident with the surficial drainage divide. 
Water levels in nested piezometers around the lake 
indicate that upward groundwater gradients exist along Wood 
Lake's western and southern shores, with groundwater 
discharging into the lake through a series of springs and 
seepages. Downward gradients of flow are present along the 
northern and eastern shores; piezometer water levels 
indicate that the lake recharges the water table along these 
shores. No groundwater flows into Wood Lake along the 
northern or eastern shores. 
Slug/bail tests revealed hydraulic conductivity values 
ranging from 3.36 x 10-5 m/sec (1.10 x 10-ij ft/sec) to 9.83 
x 10-8 m/sec (3.22 x 10-7 ft/sec). In several cases, slug 
test values differed greatly from bail test values. This is 
believed due to silt and clay clogging the screen, inhibit-
ing the inflow of water during the bail test. For this 
reason, slug test data are believed to be more reliable for 
the determination or hydraulic conductivity values, 
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Major hydrogeochemical processes which influence the 
chemistry of the groundwater around Wood Lake include the 
oxidation of iron sulfide minerals, cation exchange 
reactions in which calcium ions are exchanged for sodium 
ions from sodium-montmorillonitic clays, and dissolution of 
calcium, dolomite, and gypsum. Calcium bicarbonate 
groundwater west of the lake reflects the proximity of the 
recharge area along the regional groundwater divide and the 
faster dissolution rate of calcite compared to dolomite. 
Magnesium bicarbonate water in Wood Lake, mixing with 
calcium bicarbonate groundwater, together with cation 
exchange reactions combine to produ.ce the variety of 
calcium-magnesium-sodium-cation-dominated groundwater 
immediately to the north and east of the lake. 
The Clean Lakes study which gave rise to this research 
was concerned, in part, about possible contamination of Wood 
Lake by effluent from cabin septic systems and outhouses. 
Because the majority of the cabins are located along the 
eastern shore where groundwater flows away from the lake, 
most of the cabin septic systems have no impact on the water 
quality of the lake. The few cabins and outhouses along the 
southern and western shores are the only cabins that have 
any potenti~l of affecting the lake under existing 
conditions, 
-,-~ 
APPENDICES 
Appendix A 
WATER LEVEL DATA 
The following pages are the water level 
readings from the forty-three (43) piezometers 
installed around Wood Lake. Also included are 
corresponding hydrographs illustrating the 
variations in these water l,;,vels. The following 
notations apply to this appendix: 
undisturbed water level 
,. 
water level prior to bailing 
X water level prior to sampling 
& water level prior to slug/bail test 
+ water overflowed top of well 
120 
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TABLE 5: WATER LEVEL DATA FOR WELL #1 
Installation Date: 14 May 1981 
Ground Elevation: 472.88 m 1551.43 ft Total Depth: 1 2. 45 m 4 0. 8 5 ft Elevation at Screen Bottom: 460.43 m 1510.58 ft Screened Interval: 1. 52 m 5.00 ft 
Water Elevations 
Date m ft 
24 May 8 1 462.14 15'16.20 * 4 June 8 1 462.16 1516.28 
10 June 8 1 462.18 1516.35 
16 June 8 1 462.21 1516.43 
19 June 8 1 462.21 1516 .43 
28 June 8 1 462.19 1516.36 
9 July 8 1 462.19 1516.36 
1 2 July 81 462, 19 1516.36 * 
17 July 81 462.20 1516.40 
5 Aug 81 IJ62.145 1516.22 
15 Aug 8 1 462.07 1515.97 • 19 Aug 81 462.10 1516.07 
5 Sept 8 1 462.07 1515.97 
10 Oct 8 1 462.01 1515.77 
26 Oct 8 1 462.01 1515.77 
3 1 Oct 8 1 462.01 1515,77 
5 Nov 8 1 462.01 1515.77 
" 1 1 Nov 8 1 462.015 1515.79 X 
18 Dec 8 1 462.01 1515.77 
27 March 82 462.00 1515,74 
1 7 April 82 462.17 1516.315 
24 April 82 462.19 1516.38 
1 May 82 462.21 1516,43 
8 May 82 462.215 1516.45 
23 May 82 462.27 1516.63 
21 June 82 462.30 1516.725 
31 July 82 462.21 1516 .45 
19 Aug 82 462.14 1516.20 
8 Oct 82 461.99 1515 .72 
1 2 Oct 82 462.02 1515.81 
1 6 Oct 82 462.03 1515 .84 
26 Oct 82 462.045 1515 .90 
5 Nov 82 462.04 1515 .89 
16 Nov 82 462.05 1515.92 
4 Dec 82 462.06 1515,95 
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Figure 32. Hydrograph for Well #1 
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TABLE 6: WATER LEVEL DATA FOR WELL #2 
Installation Date: 1 3 May 1981 Ground Elevation: 46 6. 8 4 m 1531,62 ft Total Depth: 6 .10 m 21. 98 ft Elevation at Screen Bottom: 46 0. 1 4 m 15.09 .64 ft Screened Interval: 1. 52 m 5.00 ft 
' 
Water Elevations 
Date m t't 
24 May 8 1 462.12 1516.13 • 4 June 8 1 462.16 1516 .24 
10 June 8 1 462.175 1516-31 'J 
1 6 June 81 462.21 1516.43 
19 June 8 1 462.21 1516.43 
28 June 8 1 462.22 1516.46 
9 July 8 1 462.175 1516 ,31 
1 2 July 8 1 462.18 1516.33 
* 15 July 8 1 462.20 1516.41 X 
17 July 8 1 462,195 1516 .395 
5 Aug 8 1 462.14 1516.20 
15 Aug 8 1 462.11 1516.10 
* 18 Aug 8 1 462.10 1516 .08 
19 Aug 8 1 4 6 2. 08 1516 .oo X 
5 Sept 8 1 462.05 1515 ,92 
10 Oct 8 1 462.00 1515,74 
26 Oct 8 1 462.01 1515.77 
3 1 Oct 8 1 462.00 1515.74 
5 Nov 8 1 462.00 1515.74 * 
1 1 Nov 8 1 462.01 1515.77 X 
18 Dec 8 1 462.01 1515,77 
27 March 82 461.99 1515.72 
17 April 82 462.17 1516.30 
24 April 82 462.19 1516.36 
8 May 82 462.33 1516.82 
' 23 May 82 462,39 1517.01 
2 1 June 82 462.41 1517.08 
31 July 82 462.33 1516.82 
19 Aug 82 462.25 1516.55 
8 Oct 82 462.10 1516.09 
1 2 Oct 82 462.13 1516.18 
16 Oct 82 462.15 1516,23 
26 Oct 82 462.17 1516.29 
5 Nov 82 462.16 1516.28 
16 Nov 82 462.17 1516.29 
4 Dec 82 462.17 1516.29 
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Figure 33. Hydrograph for Well #2 
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TABLE 7: WATER LEVEL DATA FOR WELL 13 
Installation Date: 13 May 19 8 1 
Ground Elevation: 46 9. 2 2 m 1539,42 t't Total Depth: 6,51 m 2 1. 3 45 t't Elevation at Screen Bottom: 462.71 m 1518.085 ft Screened Interval: 1. 5 2 m 5.00 t't 
Water Elevations 
Date m t't 
~ 22 May 8 1 467.08 1532.41 
* 
-> 4 June 81 467.41 1533,50 
-~-t 10 June 8 1 467.42 1533 .52 
16 June 8 1 467.45 1533 .62 
19 June 8 1 467.43 1533,57 
29 June 81 467.42 1533,52 
9 July 8 1 467.38 1533-39 
1 1 July 81 467.39 1533,45 * -i 1 3 July 8 1 467.43 1533.57 X ' 
1 7 July 8 1 467.45 1533,62 
6 Aug 8 1 467.41 1533 .50 
15 Aug 8 1 467.40 1533,47 • 
17 Aug 8 1 467.ll5 1533 .62 X 
5 Sept 8 1 467.455 1533 .65 
10 Oct 8 1 467.44 1533,60 
26 Oct 8 1 467.114 1533.60 
3 1 Oct 8 1 467.45 1533,62 
4 Nov 8 1 467.46 1533,66 
* ,, . 7 Nov 81 467.49 1533.76 X ' 
1 2 Nov 8 1 467.45 1533 .62 
18 Dec 8 1 467.50 15 33 .80 
27 March 82 467.54 1533.93 
17 March 82 467.57 1534.03 
24 April 82 467,565 1534,01 
1 May 82 467 .565 1534,01 
:·r, 8 May 82 467.56 15 33 ,99 & 
23 May 82 457.58 1534 ,04 
21 June 82 467.55 1533 ,94 
' 3 1 July 82 467.52 1533.86 
19 Aug 82 467.48 1533,73 
8 Oct 82 467.49 1533,76 
,:- 1 2 Oct 82 467,51 1533.83 
15 Oct 82 467.505 1533.81 
26 Oct 82 467.51 1533,83 
6 Nov 82 467,51 1533.83 • 1 6 Nov 82 467.50 1533 .80 
4 Dec 82 467,53 1533,895 
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TABLE 8: WATER LEVEL DATA FOR WELL #4 SHALLOW 
Installation Date: 
Ground Elevation: 
Total Depth: 
Elevation at Screen 
Screened Interval: 
14 May 1981 
482.79 m 
12.40 m 
Bottom: 470.40 m 
1. 52 m 
This well was completed above the 
water table and was always dry. 
1583.96 ft 
40.675 ft 
1543.285 ft 
5 .. oo ft 
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TABLE 9: WATER LEVEL DATA FOR WELL #4 DEEP 
Installation Date: 14 May 198 1 
Ground Elevation: 482.79 m 1583.96 ft Total Depth: 18.29 m 60,00 ft Elevation at Screen Bottom: 464,50 m 1523,96 ft Screened Interval: 1.52 m 5.00 ft 
Water Elevations 
Date m ft 
22 May 81 468.09 15 35. 7 3 " 
4 June 8 1 4 68 • 11 15 35. 8 0 
10 June 8 1 468.13 1535 .86 
16 June 8 1 468.145 15 35 • 9 1 
19 June 8 1 4 68 • 13 1535 .86 
29 June 8 1 4 68 • 1 2 1535 .83 
9 July 8 1 46 8. 11 1535.80 
1 1 July 8 1 468.og 15 35 • 7 3 * 
1 3 July 8 1 468.105 1535.78 X 
17 July 8 1 468.13 15 35 • 8 6 
6 Aug 81 468.01 1535 .47 
15 Aug 81 4 68. 1 0 1535,77 * 
17 Aug 8 1 468.11 15 35 • 8 0 X 
5 Sept 81 468.095 15 35 , 7 5 
10 Oct 8 1 468.06 1535 .63 
26 Oct 81 468.05 15 35 • 6 1 
3 1 Oct 8 1 468.05 1 5 35 • 6 1 
4 Nov 81 468.08 1535 ,70 " 
1 Nov 8 1 468.08 15 35, 7 0 X 
12 Nov 81 468.08 15 35. 70 
18 Dec 8 1 468.08 15 35 • 7 0 
27 March 82 468.09 15 35 , 7 3 
17 April 82 4.1, 8 • 1 25 1535 .!JS 
24 April 82 468.135 1535.88 
1 May 82 468.14 1535 ,90 
8 May 82 4 68. 15 1535.93 
23 May 82 4 68 • 1 8 15 36 • 0 1 
21 June 82 4 68. 18 15 36 • 0 1 
3 1 July 82 468.16 15 35 .94 
19 Aug 82 468.12 1535.83 
8 Oct 82 468.09 1535,73 
12 Oct 82 468.09 1535,73 
H, Oct 82 468.10 15 35 • 7 7 
26 Oct 82 4 68. 11 1535.80 
6 Nov 82 468.11 1535.80 
16 Nov 82 4 68 • 1 O 1535 ,77 
4 Dec 82 468.11 1535,80 
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TABLE 10: WATER LEVEL DATA FOR WELL #5 
Installation Pate: 15 May 1 98 1 
Ground Elevation: 46 2, 9 1 m 1518.73 ft 
Total Depth: 7,71 m 25,29 ft 
Elevation at Screen Bottom: 455.20 m 1493.44 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
Pate m ft 
23 May 8 1 462.485 151'7.34 • 
4 June 8 1 462.515 1517.44 
10 June 81 462.525 1517,47 
16 June 8 1 462.565 1517,605 
19 June 8 1 462.56 1517.59 
28 June 8 1 462.57 1517,625 
9 July 8 1 462.515 1517,44 
12 July 8 1 462.505 1517.41 * 15 July 8 1 462.505 1517,41 l< 
17 July 8 1 462.53 1517.49 
5 Aug 81 462.465 1517 ,275 
1 5 Aug 8 1 462.455 1517.24 
" 1 7 Aug 8 1 462.415 1517.11 l< 
18 Aug 8 1 462,37 1516,97 * 
19 Aug 8 1 462.33 1516 .82 
5 Sept 81 462.33 1516.82 
10 Oct 8 1 462.29 1516,70 
26 Oct 8 1 462,305 1516.75 
3 1 Oct 81 462.305 1516.75 
5 Nov 8 1 462.305 1516 .75 " 
8 Nov 81 462,30 1516.735 l< 
1 7 Nov 8 1 462,305 1516.75 
18 Dec 8 1 462.295 1516.72 
27 March 82 462,31 1516,77 
1 1 April 82 462.43 1517.15 
1 7 April 82 462.48 1517,31 
24 April 82 462.1185 1517 ,34 
1 May 82 462.49 1517,36 
7 May 82 462.49 1517 .36 & 
23 May 82 462.55 1517.54 
21 June 82 462,56 1517,57 
3 1 July 82 462,45 1517.21 
19 Aug 82 462,37 1516.97 
8 Oct 82 462,34 1516.85 
1 2 Oct 82 4 6 2. 30 1516.735 
16 Oct 82 462,32 1516.785 
26 Oct 82 46 2. 3 4 1516 .85 
5 Nov 82 462.33 1516 .835 
16 Nov 82 462,34 1516.85 
4 Pee 82 462.385 1517.01 
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TABLE 11 : WATER LEVEL DATA FOR WELL 116 SHALLOW 
Installation Date: 15 May 1981 
Ground Elevation: 465,99 m 15 28. 8 3 ft 
Total Depth: 4, 2 3 m 13.875 ft 
Elevation at Screen Bottom: 46 1 . 7 6 m 1514.965 ft 
Screened Interval: 1, 5 2 m 5,00 ft 
Water Elevations 
Date m ft 
23 May 8 1 465.49 1527 ,20 * 
4 June 8 1 465,77 15 28. 1 2 
10 June 8 1 465,58 15 27 , 5 0 
1 6 June 8 1 465.78 1528.155 
19 June 8 1 465,70 15 27 • 8 8 
28 June 8 1 465.69 1527 .865 
g July 8 1 465.41 15 26, 9 2 
1 1 July 8 1 465,50 1527,24 * 12 July 8 1 465.48 15 27. 155 
17 July 8 1 465,55 1527 .38 
5 Aug 8 1 465,54 15 27 , 3 7 
6 Aug 8 1 465.58 1527,50 & 
13 Aug 81 465.46 1527,09 & 
1 5 Aug 8 1 465.46 1527.09 
16 Aug 81 465.47 15 27. 1 2 * 
18 Aug 8 1 465,42 15 27. 9 7 X 
5 Sept 8 1 465.435 1527 .02 
10 Oct 81 465.66 15 27. 7 6 
26 Oct 8 1 465,68 1527. 8 2 
31 Oct 8 1 465.71 1527 .925 
4 Nov 8 1 465,705 1527 .9 1 * 7 Nov 8 1 465.68 15 27 • 8 2 X 
1 2 Nov 8 1 465.685 1527 .845 
17 Nov 8 1 465,71 1527 ,925 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
. ' 17 April 82 466.16 1529 .40 
24 April 82 465,94 1528.66 
1 May 82 465,84 1528 ,35 
7 May 82 465.81 1528.24 
23 May 82 465.79 15 28 , 1 9 
21 June 82 465.62 1 5 27 . 6 1 
31 July 82 465,50 1527 .24 
19 Aug 82 465,775 1528,14 
8 Oct 82 465,79 1528.19 
12 Oct 82 466.02 1528 ,94 
16 Oct 82 465,90 1528.55 
26 Oct 82 465.82 1528,29 
5 Nov 82 465,80 1528.22 
1 6 Nov 82 4&5 ,785 1528.17 
4 Dec 82 466.00 1528,88 
Figure 37. Hydrograph for Well #6 SHALLOW 
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TABLE 12: WATER LEVEL DATA FOR WELL #6 DEEP 
Installation Date: 15 May 1981 
Ground Elevation: 465.99 m 1528.83 ft 
Total Depth: 8. 7 3 m 2 8. 625 ft 
' 
Elevation at Screen Bottom: 457.26 m 1500.215 ft 
' Screened Interval: 1.5 2 5.00 ft m 
Water Elevations 
\ Date m ft 23 May 8 1 466.62 15 30. 9 2 * 
4 June 81 466.635+ 1530.96 
10 June 81 466 .635+ 15 30. 9 6 
16 June 8 1 467.61 1534.14 
19 June 8 1 467.58 1534.06 
28 June 8 1 467.57 1534 .02 
9 July 81 467.56 1533.98 • 
1 2 July 81 467.51 1533.79 
,:· 1 3 July 81 467.56 1533 ,98 X 
' 17 July 81 467,565 1534,01 
5 Aug 8 1 467,55 1533.94 
6 Aug 8 1 467,55 1533 .94 & 
13 Aug 81 46 7. 5 35 1533.91 & 
16 Aug 8 1 467,535 1533.91 " 18 Aug 8 1 467 .53 1533 ,89 X 
5 Sept 8 1 467 .5 25 1533.88 
10 Oct 8 1 467 .525 1533.88 
26 Oct 8 1 467 .52 1533 .86 
3 1 Oct 81 46 7. 5 35 1533,91 
4 Nov 8 1 467,535 1533.91 • 
7 Nov 8 1 4 67. 5 35 1533,91 X 
1 2 Nov 8 1 467,55 1533 .94 
17 Nov 8 1 467.535 1533,91 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
17 April 82 4 6 7. 7 3+ 1534.545 
24 April 82 467,585 1534,07 
1 May 82 467.57 1534 .02 
7 May 82 467.57 1534.02 
23 May 82 467.59 1534 .085 
21 June 82 467.575 1534 ,035 
3 1 July 82 467,55 1533 .95 
19 Aug 82 467,545 1533 .945 
8 Oct 82 467,53 1533.90 
12 Oct 82 467.56 1533.99 
1 6 Oct 82 467.56 1533.99 
26 Oct 82 467,55 1533.95 
5 Nov 82 FROZEN 
1 6 Nov 82 FROZEN 
4 Dec 82 FROZEN 
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Figure 38. Hydrograph for Well #6 DEEP 
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TABLE 13: WATER LEVEL DATA FOR WELL #7 
Installation Date: 15 May 1981 
Ground Elevation: 486.97 m 1597.67 ft 
Total Depth: 20.80 m 68.25 ft 
Elevation at Screen Bottom: 46 6. 17 m 15 29 • 4 2 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
Date m ft 
22 May 8 1 467.77 15}1i.67 * 
4 June 8 1 468.225 1536.18 
10 June 8 1 468.215 1536.145 
16 June 8 1 468.24 1536 .225 
19 June 81 468.235 1536 .21 
28 June 81 468.215 15 36 • 1 4 5 
9 July 8 1 468.205 1536.11 
1 1 July 8 1 468.205 1536.11 • 
1 3 July 8 1 468.20 1536 .08 X 
17 July 8 1 4 68 • 2 3 1536.195 
6 Aug 8 1 468.205 1536.11 
15 Aug 8 1 468.205 15 36 • 1 1 • 
18 Aug 8 1 468.215 1536.145 
19 Aug 81 468.20 1536 .08 X 
5 Sept 81 468.21 15 36 • 1 3 
10 Oct 8 1 4 68 • 18 15 36 • 0 1 
26 Oct 8 1 4 68. 16 1535 ,95 
31 Oct 8 1 4 68. 17 1535 .98 
4 Nov 8 1 468.20 1536 .08 • 
7 Nov 8 1 468.19 1536.06 X 
1 1 Nov 8 1 468 .19 1536.06 
27 March 82 468.205 15 36 • 11 
1 1 April 82 468.23 1536 .195 
17 April 82 468.225 1536.18 
27 April 82 468.22 1 5 36 • 1 6 
1 May 82 468.225 15 36 • 18 
8 May 82 468.225 15 36 • 1 8 
23 May 82 468.26 15 36. 2 8 
21 June 82 468.26 1536.28 
3 1 July 82 468.26 15 36. 2 8 
1 9 Aug 82 468.215 15 36 • 1 4 
8 Oct 82 468.205 15 36 • 1 1 
1 2 Oct 82 468.20 1536 .08 
16 Oct 82 468.225 15 36 • 1 8 
26 Oct 82 468 .225 15 36 • 1 8 
6 Nov 82 468.225 15 36 • 1 8 
16 Nov 82 468.205 1536.12 
4 Dec 82 468.205 1536 .12 
·f> 
Figure 39. Hydrograph for Well #7 
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TABLE 1lt: WATER LEVEL DATA FOR WELL #8 
Installation Date: 15 May 198 1 
Ground Elevation: 46 3. 6 7 m 1521.21 ft 
:~ . Total Depth: 4.98 m 16.33 ft Elevation at Screen Bottom: 458.69 m 1504.88 ft 
Screened Interval: 1. 52 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 8 1 463.22 1519.76 * 
4 June 8 1 463.37 1520.26 
10 June 8 1 463.38 1520 ,29 
16 June 8 1 463 .445 1520.49 
19 June 81 463.49 1520. 6 3 
28 June 8 1 463.48 15 20, 5 9 
9 July 81 463.31 1520 .045 
1 1 July 8 1 463.36 1520 ,21 * 
15 July 0 1 463,29 1519,98 X 
17 July 0 1 463.43 1520 .44 
5 Aug 0 1 463-33 1520.11 
7 Aug 8 1 463.35 1520,18 & 
15 Aug 8 1 463.175 1519.605 * 
17 Aug 8 1 462.95 1518.88 X 
5 Sept 8 1 463.09 1519.32 
10 Oct 0 1 463,25 1519 ,87 
26 Oct 81 463.26 1519 ,89 
31 Oct 81 463,28 1519,95 
5 Nov 81 463,25 1519,87 • 
10 Nov 81 463,24 1519.82 X 
17 Nov 8 1 463.23 1519.80 
18 Dec 8 1 463.14 1519.50 
27 March 82 463.315 1520.06 
11 April 82 463.46 1520,55 
17 April 82 463,47 1520 ,59 
24 Apr-il 82 463.42 1520.42 
1 May 82 463.365 1520.225 
8 May 82 463.34 15 20 • 1 4 
23 May 82 4 6 3. 45 1520 .52 
21 June 82 463,44 1520 .47 
31 July 82 463.32 1520.08 
19 Aug 82 463.07 1519,27 
8 Oct 82 463.205 1519 ,70 
1 2 Oct 82 463,32 1520.08 
16 Oct 82 463.23 1519.80 
26 Oct 82 463.21 1519.72 
5 Nov 82 463.195 1519 .67 
16 Nov 82 463.175 1519 .605 
4 Dec 82 463.295 1520.00 
1't 
'·d 
•".ii::.: 
Figure 40. Hydrograph for Well #8 
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TABLE 15: WATER LEVEL DATA FOR WELL 119 SHALLOW 
Installation Date: 16 May 198 1 
Ground Elevation: 46 6. 7 3 m 1531.26 ft 
Total Depth: 6 .02 m 19.76 ft 
Elevation at Screen Bottom: 460.71 m 1511.50 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 8 1 462,52 1517,46 * 
4 June 81 462.60 1517.71 
10 June 81 462,70 1518.03 
16 June 8 1 462,92 1518.77 
19 June 8 1 462,93 1518.81 
28 June 8 1 4 6 3. 08 1519 .28 
9 July 8 1 462.99 1518.99 
1 1 July 81 463,05 1519.18" 
1 3 July 8 1 462.98 1518.97 X 
17 July 8 1 462,97 1518.92 
6 Aug 8 1 462.84 1518.51 
15 Aug 8 1 462.65 1517.88 * 
17 Aug 8 1 462.63 1517.82 X 
5 Sept 8 1 462.42 1517.11 
10 Oct 8 1 462.25 1516.56 
26 Oct 81 4 6 2, 24 1516 .52 
31 Oct 8 1 462.23 1516.49 
4 Nov 8 1 462.26 1516.59 " 
8 Nov 81 462.21 1516,42 X 
17 Nov 81 462.23 1516.49 
27 March 82 462.16 1516.26 
1 1 April 82 462.43 1517,14 
17 April 82 462.61 1517.73 
24 April 82 462.59 1517.67 
1 May 82 462.57 1517 .60 
8 May 82 462.56 1517,59 
23 May 82 462.70 1518.03 
21 June 82 462.95 1518.85 
3 1 July 82 462.66 1517.90 
19 Aug 82 462.42 1517.11 
8 Oct 82 462.06 1515.93 
1 2 Oct 82 462.09 1516.03 
16 Oct 82 462.16 1516.26 
26 Oct 82 462.28 1516.65 
5 Nov 82 462.30 1516,73 
1 6 Nov 82 462.31 1516.77 
4 Dec 82 462.355 1516.915 
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Figure 41. Hydrograph for Well 19 SHALLOW 
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TABLE 16: WATER LEVEL DATA FOR WELL 19 DEEP 
Installation Date: 16 May 1981 
Ground Elevation: 466.73 m 1531.26 ft 
Total Depth: 8. 17 m 26.79 ft 
Elevation at Screen Bottom: 458.56 m 1504.47 ft 
Screened Interval: 1.5 2 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 81 462.31 1516.75 * 
4 June 81 462.32 1516.80 
10 June 81 462.355 1516.915 
16 June 81 462.40 1517.05 
19 June 81 462.40 1517.05 
28 June 81 462.41 1517.07 
9 July 8 1 462.34 1516.87 
1 1 July 8 1 462.345 1516.88 * 
:;,1' 1 3 July 8 1 462.33 1516.83 X 
~ 17 July 8 1 462.36 1516.93 
. 6 Aug 8 1 462.295 1516,72 
15 Aug 8 1 462.27 1516.64 * 
1 7 Aug 8 1 462.26 1516.60 X 
5 Sept 8 1 462.21 1516.44 
10 Oct 8 1 462.17 1516.31 
26 Oct 81 462.18 1516.34 
31 Oct 81 462.185 1516.355 
4 Nov 81 462.20 1516.41 * 
8 Nov 8 1 462.18 1516,34 X 
17 Nov 81 462.19 1516.37 
27 March 82 462.185 1516.355 
1 1 April 82 462.30 15 16. 7 35 
17 April 82 462.35 1516.90 
24 April 82 462.365 1516.945 
1 May 82 4 6 2. 37 1516.965 
8 May 82 462.37 1516.965 
23 May 82 462.42 1517.13 
21 June 82 462.44 1517.18 
31 July 82 462.33 1516.83 
19 Aug 82 462.26 1516.59 
' 8 Oct 82 462.14 1516.21 1 
12 Oct 82 462.175 1516.325 
16 Oct 82 462.185 1516.355 
26 Oct 82 462.205 1516.42 
5 Nov 82 462.20 1516.41 
16 Nov 82 462.21 1516.44 
4 Dec 82 462.23 1516.505 
:( 
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Figure 42. Hydrograph for Well #9 DEEP 
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TABLE 17: WATER LEVEL DATA FOR WELL #10 
Installation Date: 
Ground Elevation: 
Total Depth: 
Elevation at Screen 
Screened Interval: 
16 May 1981 
46 9. 7 2 m 
9, 7 1 m 
Bottom: 460.01 m 
1. 52 m 
Water Elevations 
23 May 
4 June 
81 
8 1 
8 1 
8 1 
81 
10 June 
16 June 
19 June 
28 June 81 
July 81 
July 81 
9 
12 
15 July 81 
17 July 81 
5 Aug 81 
15 Aug 81 
18 Aug 81 
19 Aug 81 
5 Sept 81 
10 Oct 81 
26 Oct 81 
31 Oct 81 
4 Nov 81 
8 Nov 81 
17 Nov 81 
27 March 82 
11 April 82 
17 April 82 
24 April 82 
1 May 8 2 
8 May 82 
23 May 82 
21 June 82 
31 July 82 
19 
8 
12 
16 
26 
5 
16 
4 
Aug 82 
Oct 82 
82 
82 
82 
82 
82 
82 
Oct 
Oct 
Oct 
Nov 
Nov 
Dec 
m ft 
462.26 1516.62 * 
462.285 1516.68 
462.295 1516,715 
462.33 1516.84 
462,33 1516.84 
462.38 1515.99 
462.28 1516.665 
462.27 1516.65 * 
462,27 1516.65 X 
462.29 1516,70 
462.22 1516.48 
462.185 1516.355 * 
462.22 1516.48 
462.18 1516,34 X 
462.12 1516.14 
462.08 1516.03 
462.09 1516.06 
462.09 1516.06 
462.105 1516.09 * 
462.09 1516.06 X 
462.10 1516.075 
462.09 1516.06 
462.20 1516.42 
462.25 1516.58 
462.27 1516.65 
462,295 1516,715 
462,295 1516,715 
462,35 1516,91 
462.36 1516.94 
462.25 1516,58 
462.17 1516,30 
462.05 1515,93 
462.08 1516.03 
462.10 1516.075 
462,11 1516.12 
462.11 1516.12 
462.125 1516.16 
462.135 1516,19 
1541.06 ft 
31.855 ft 
1509,215 ft 
5.00 ft 
.,,::t,··. '¢~\,;,;. ;,,.. . .,iii,,;;,J,',,,·~~'. 
.,: ,., .. :t::.,},,,;;;"'fu,,,.'.,. <bki;.:ii;;;if~ilh,1Mti;';;;i~.ii:.Jt:.,,,· 
Figure 43. liydrograph for Well #10 
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TABLE 18: WATER LEVEL DATA FOR WELL #11 
Installation Date: 16 May 1981 
Ground Elevation: 462.93 m 1518.79 ft 
Total Depth: 5.88 m 1 9 • 2 9 ft 
Elevation at Sc.reen Bottom: 457.05 m 11199.49 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 81 462.16 1516,27 * 
4 June 81 462.21 1516.435 
10 June 8 1 462.19 1516,35 
16 June 8 1 462.26 1516 .60 
1 9 June 81 462.235 1516 .52 
28 June 81 462.26 1516.60 
9 July 8 1 46 2. 15 1516.24 
1 2 July 81 462.14 1516.21 
* 15 July 8 1 4 6 2. 09 1516,02 X 
17 July 81 462.13 1516.17 
5 Aug 81 462.045 1515,895 
15 Aug 81 462.01 1515.78 * 
18 Aug 81 4 61. 98 1515.66 
19 Aug 8 1 461.96 1515,60 X 
5 Sept 8 1 461.94 1515 ,55 
10 Oct 81 461,92 1515.48 
26 Oct 8 1 461.94 1515 .55 
3 1 Oct 81 461. 9 5 1515.58 
5 Nov 81 461,95 1515,58 * 
8 Nov 81 461,94 1515 .55 X 
17 Nov 81 461.97 1515.65 
18 Dec 81 462 .o 1 1515.78 
27 March 82 462.02 1515.81 
1 1 April 82 462.18 1516,35 
17 April 82 462.24 1516 ,53 
24 April 82 462.23 1516.50 
1 May 82 462.22 1516.47 
8 May 82 462.21 1516.435 
23 May 82 462.28 1516.68 
21 June 82 462.26 1516.60 
31 July 82 462.13 1516,17 
19 Aug 82 4 6 2. 04 1515.88 
8 Oct 82 461.96 1515,60 
1 2 Oct 82 4 6 2. 00 1515.75 
1 6 Oct 82 462.025 1515.83 
26 Oct 82 462,03 1515,91 
5 Nov 82 462 .045 1515.895 
6 Nov 82 462.06 1515.94 & 
16 Nov 82 462.03 1515.84 
4 Dec 82 462.08 1516,01 
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Figure 44, Bydrograph for Well #11 
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TABLE 19: WATER LEVEL DATA FOR WELL #12 
Installation Date: 16 May 1981 
Ground Elevation: 464.52 m 1524.01 ft 
Total Depth: 7.21 m 2 3. 66 ft 
Elevation at Screen Bottom: 457.31 m 1500,35 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 8 1 462.77 15i'8.26 • 
4 June 8 1 462.86 1518.58 
10 June 8 1 462.87 1518.59 
1 6 June 81 462,95 1518.87 
19 June 8 1 462.94 1518.84 
28 June 8 1 462,96 1518.88 
9 July 8 1 462.835 1518.49 
1 1 July 8 1 462.84 1518.505 • 
1 3 July 8 1 462,79 1518.34 X 
17 July 8 1 462.82 1518.44 
6 Aug 8 1 462.69 1518.015 
15 Aug 81 4 62. 6 0 1517,72 * 
17 Aug 81 462,56 1517.60 X 
5 Sept 81 462.43 1517,16 
10 Oct 8 1 462.38 1517.00 
26 Oct 81 462.40 1517.06 
3 1 Oct 8 1 462.40 1517,06 
4 Nov 81 462.41 1517.10 * 
8 Nov 81 462,39 1517,03 X 
17 Nov 81 462.40 1517,06 
27 March 82 462.45 1517,21 
1 1 April 82 462.685 1518.00 
17 Apri 1 82 462.78 1518.31 
24 April 82 462,785 1518,325 
1 May 82 462,79 1518 .34 
8 May 82 462,79 1518,34 
23 May 82 462.915 1518,755 
21 June 82 462.92 1518,77 
3 1 July 82 462.685 1518.00 
19 Aug 82 462.49 1517.36 
8 Oct 82 462.18 1516.34 
12 Oct 82 462.26 1516.60 
16 Oct 82 462.29 1516.70 
26 Oct 82 462.325 1516.82 
5 Nov 82 462.325 1516.82 
6 Nov 82 462.33 1516.83 & 
16 Nov 82 462.33 1516.83 
4 Dec 82 462.395 1517.05 
''il 
t:r 
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Figure 45. Hydrograph for Well #12 
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TABLE 20: WATER LEVEL DATA FOR WELL #13 SHALLOW 
Installation Date: 17 May 1981 
Gi-ound Elevation: 47 5. 9 6 m 1561.55 ft 
Total Depth: 9.41 m 30.865 ft 
Elevation at Screen Bottom: 46 6. 5 5 m 1530.685 ft 
Screened Interval: 1. 52 m 5.00 ft 
Water Elevations 
Date m ft 
25 -May 81 467.335 1533.25 * 
4 June 81 467.30 1533.14 
10 June 81 467.325 1533.22 
16 June 8 1 467.34 1533.27 
19 June 81 467.34 1533.27 
28 June 81 467.34 1533.27 
9 July 8 1 467.32 1533 .20 
1 2 July 81 467.315 1533.185 * 
17 July 8 1 467.35 1533,30 
6 Aug 81 467.31 1533.17 
15 Aug 8 1 467.29 1533.105 * 17 Aug 8 1 467.28 1533 .07 
5 Sept 81 467.265 1533.02 
10 Oct 8 1 467.22 1532.87 
26 Oct 81 467.225 1532.89 
3 1 Oct 8 1 467.23· 1532.91 
4 Nov 8 1 467.25 1532.97 * 
7 Nov 8 1 467.25 1532 .97 x 
?..:S 1 2 Nov 81 467.25 1532.97 
18 Dec 81 467.23 1532.91 
11 April 82 467.295 1533.12 
17 April 82 467.33 1533.24 
24 April 82 467.36 1533 .33 
1 May 82 467.37 1533,37 
7 May 82 467.375 1533.38 
23 May 82 467.41 1533 .50 
21 June 82 467.43 1533.56 
3 1 July 82 467.37 1533 ,37 
1 9 Aug 82 467.31 1533.17 
8 Oct 82 467.23 1532 .925 
12 Oct 82 467.25 1532.97 
1 6 Oct 82 467.27 1533 .04 
26 Oct 82 467.28 1533.07 
5 Nov 82 467.27 1533.04 
6 Nov 82 467.29 1533 .105 
1 6 Nov 82 467.275 1533.055 
d 4 Dec 82 467.28 1533.07 
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Figure 46. Hydrograph for Well #13 SHALLOW 
/._/ __ ., 
I". . . 
I \1/;·~a1·,1~  
* ·'),: 
··--....~ .-·-.....i'-. • 
~
I • -.._. 
;• *•··-
/ x ---_ ... 
AP"R MAY JUNE JULY AUG I SEPT 0-CT W-OV DEC 
... 
"' ... 
152 
TABLE 21: WATER LEVEL DATA FOR WELL #13 DEEP 
Installation Date: 17 May 1981 
Ground Elevation: 475.96 m 1561 .55 ft 
Total Depth: 1 2 .08 m 39.64 ft 
Elevation at Screen Bottom: 463.88 m 1521 .91 ft 
Screened Interval: 1. 5 2 m 5.00 ft 
Water Elevations 
~ m ft 
25 May 8 1 467.31 1533 .17 ll 
4 June 8 1 467.325 1533.22 
10 June 8 1 467,34 1533.27 
16 June 8 1 467.365 1533,35 
19 June 81 467.355 1533.32 
28 June 8 1 467,35 1533,30 
9 July 8 1 46 7. 3 3 1533.24 
1 2 July 8 1 467.325 1533.22 * 
17 July 8 1 467.36 1533.33 
6 Aug 81 467,31 1533.17 
15 Aug 8 1 467.305 1533.16 * 
17 Aug 81 467.30 1533,14 X 
5 Sept 81 467.28 1533,07 
10 Oct 81 467.24 1532.94 
26 Oct 8 1 467.24 15 32 . 9 4 
31 Oct 81 467.25 15 32. 9 7 
4 Nov 8 1 467.26 1533.01 * 
1 Nov 81 467.26 1533.01 X 
1 2 Nov 81 467.25 1532.97 
18 Dec 81 467.24 1532 .94 
1 1 April 82 467.315 1533.19 
17 April 82 467.355 1533-32 
24 April 82 467.37 1533,37 
1 May 82 467,39 1533.43 
7 May 82 467.39 1533.43 & 
23 May 82 467.43 1533,56 
21 June 82 467 .445 1533.61 
3 1 July 82 467.38 1533 .40 
19 Aug 82 467,325 1533.22 
,8 Oct 82 467.255 1532,99 
1 2 Oct 82 467,27 1533,04 
16 Oct 82 467.29 1533.10 
26 Oct 82 467.295 1533.12 
5 Nov 82 467.285 1533,09 
6 Nov 82 467.295 1533.12 & 
1 6 Nov 82 467,29 1533.10 
4 Dec 82 467.30 1533,14 
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Figure 47. Hydrograph for Well #13 DEEP 
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TABLE 22: WATER LEVEL DATA FOR WELL #14 
Installation Date: 
Ground Elevation: 
Total Depth: 
Elevation at Screen 
Screened Interval: 
17 May 1981 
465 ,78 m 
4,73 m 
Bottom: 461.05 m 
1. 5 2 m 
Water Elevations 
~ m ft 2q May 8 1 46 3 .82 1521.72 * 4 June 8 1 q53,85 1521.80 10 June 8 1 463.83 1521.75 
1 6 June 81 463.87 1521.88 
19 June 81 463.86 1521.85 
Destroyed by vandalism before 28 
1528.13 ft 
1 5. 5 25 ft 
1512.615 ft 
5.00 ft 
June 198 1 • 
155 
TABLE 23: WATER LEVEL DATA FOR WELL #15 SHALLOW 
Installation Date: 17 May 1981 
Ground Elevation: 465 ,96 m 15 28. 7 4 ft 
Total Depth: 6 ,99 m 22,92 ft 
Elevation at Screen Bottom: 458,97 m 1505.82 ft 
Screened Interval: 1.52 m 5,00 ft 
Water Elevations 
Date m ft 
24 -May 81 465 .585 15 27 • 5 1 • 
4 June 8 1 465.915 1528 ,595 
10 June 8 1 465.905 1528.56 
16 June 8 1 465 .96 1528,74 
19 June 8 1 465 .945 1528.66 
28 June 8 1 465.94 1528.68 
9 July 81 465.855 1528.40 
1 1 July 8 1 465.85 1528.38 * 
15 July 81 465,975 1528 ,79 X 
17 July 81 455,99 1528.84 
5 Aug 81 465.925 1528.63 
7 Aug 8 1 465.925 1528.63 & 
15 Aug 81 465.945 1528 ,38 * 
17 Aug 8 1 465.615 1527 .61 X 
5 Sept 8 1 455,59 1527 .53 
10 Oct 81 465.605 1527 .58 
e6 Oct 8 1 465.63 1527.66 
3 1 Oct 81 465.635 1527 .68 
5 Nov 8 1 465.64 1527.695 * 
8 Nov 81 465,325 1526.665 X 
10 Nov 81 465.41 1526.94 
17 Nov 8 1 465.605 1527 ,58 
18 Dec 8 1 465,605 1527,58 
27 March 82 FROZEN 
11 April 82 FROZEN 
17 April 82 465.855 1528.40 
24 April 82 465,785 1528.17 
1 May 82 465.765 1528.10 
7 May 82 465.755 1528.07 
23 May 82 465.675 1527.81 & 
21 June 82 465.40 1526 .905 
3 1 July 82 465.285 1526 .53 
19 Aug 82 465,025 1525.675 
8 Oct 82 465.185 1526 .20 
1 2 Oct 82 465.26 1526 .445 
16 Oct 82 465.255 1526.46 
26 Oct 82 465.255 1526 .43 
5 Nov 82 465.235 1526.365 
1 6 Nov 82 465.225 1526.33 :f, 
4 Dec 82 465.245 1526 .40 :r 
\, 
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Figure 48. Hydrograph for Well #15 SHALLOW 
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TABLE 24: WATER LEVEL DATA FOR WELL #15 DEEP 
Installation Date: 
Ground Elevation: 
Total Depth: 
Elevation at Screen 
Screened Interval: 
17 May 1981 
465. 9 6 m 
10 ,52 m 
Bottom: 455.44 m 
1. 5 2 m 
Water Elevations 
Date 
24 May 
4 June 
10 June 
16 June 
June 19 
28 
9 
1 1 
15 
17 
5 
7 
15 
1-7 
5 
10 
26 
3 1 
5 
8 
June 
July 
July 
July 
July 
Aug 
Aug 
Aug 
Aug 
Sept 
Oct 
Oct 
Oct 
Nov 
Nov 
8 1 
8 1 
8 1 
8 1 
8, 
8, 
81 
81 
8 1 
81 
8 1 
8 1 
81 
8, 
81 
81 
8 1 
81 
81 
81 
10 Nov 82 
17 Nov 81 
18 Dec 81 
27 March 82 
11 April 82 
17 April 82 
24 April 82 
1 May 82 
7 May 82 
23 May 82 
21 June 82 
31 July 82 
19 Aug 82 
8 Oct 82 
12 Oct 82 
16 Oct 82 
26 Oct 82 
5 Nov 82 
16 Nov 82 
4 Dec 82 
m ft 
465.89 1528.50 • 
4 6 6 • 3 8 15 30 • 1 2 
4 6 6 • 3 6 15 30 • 0 5 
466.44 1530.29 
466.41 1530.21 
466.41 1530.21 
466.375 1530.105 
466,375 1530.105 * 
465.96 1530.40 X 
466.47+ 1530.40 
466.475 1530,435 
466.235 1529.65 & 
466.455 1530.37 1 
465.465 1527,12 X 
465.475 1530.435 
466.39 1530.155 
4 6 6 • 4 8 1 5 30 • 4 5 
466.495 1530.50 
466.495 1530,50 • 
466 .435 1530 .305 X 
466.445 1530-34 
FROZEN 
FROZEN 
FROZEN 
FROZEN 
466.73 1531.255 
466.61 1530.88 
466.605 1530.86 
466.60 1530.83 
466.57 1530.75 & 
466.515 1530.565 
4 6 6 • 3 7 5 15 30 • 1 1 
466.265 1529.745 
466.08 1529, 14 
466.125 1529,29 
466.12 1529.27 
4 6 6 , 1 0 15 29 • 2 0 5 
466.055 1529.055 
FROZEN 
466.025 1528.96 
1528.74 ft 
34.50 ft 
1494 .24 ft 
5.00 ft 
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Figure 49. Hydrograph for Well 115 DEEP 
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TABLE 25: WATER LEVEL DATA FOR WELL #16 SHALLOW 
Installation Date: 17 May 198 1 
Ground Elevation: 466 .94 m 1531.95 ft 
Total Depth: 5. 16 m 16. 9 2 ft 
Elevation at Screen Bottom: 461.78 m 1515.03 ft 
Screened Interval: 1. 5? m 5.00 ft 
Water Elevations 
Date m ft 
25 May 8 1 46b.42 1530 .26 • 
4 June 81 466.55 1530.69 
10 June 8 1 466 .50 15 30. 5 25 
16 June 8 1 466.69 1531.115 
1 9 June 81 466 .60 1530 .855 
28 June 81 466.64 15 30. 9 7 
9 July 8 1 466.385 15 30. 1 3 
1 1 July 8 1 466.36 1530 .05 * 
13 July 8 1 466.305 1529 .87 X 
17 July 8 1 466.45 1530 .345 
6 Aug 81 466.415 15 30. 2 3 
1 3 Aug 8 1 466.39 1530.165 & 
15 Aug 81 466.485 15 30 • 4 6 * 
17 Aug 8 1 466 .565 15 30 • 7 2 X 
5 Sept 81 466.605 15 30 , 8 5 
10 Oct 8 1 466.775 1531 .41 
26 Oct 81 466.825 1531.575 
3 1 Oct 8 1 465.825 1531.575 
4 Nov 81 466 .835 1531.61 
" 7 Nov 81 466.765 1531.38 X 
1 2 Nov 8 1 466.755 15 31 • 3 45 
17 Nov 8 1 46 6. 7 0 1531.165 
18 Dec 81 466.755 15 31 • 3 45 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
1 7 April 82 467.065 15 32 .36 
24 April 82 4 6 7. O 35 15 32. 2 6 5 
1 May 82 466.985 15 32. 1 0 
8 May 82 466.94 1531.95 
23 May 82 467,005 1532.165 
21 June 82 466.88 1531.77 
3 1 July 82 456.69 1531.13 
19 Aug 82 466.585 1530,79 
8 Oct 82 466 .625 15 30 • 9 2 
1 2 Oct 82 466.685 1531.115 
16 Oct 82 466.725 1531.25 
26 Oct 82 466.77 1531 .395 
6 Nov 82 466.80 1531.49 
16 Nov 82 466.855 1531 .675 f, 
4 Dec 82 466.975 1532.07 
Figure 50. Hydrograph for Well #16 SHALLOW 
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TABLE 26: WATER LEVEL DATA FOR WELL #16 DEEP 
Installation Date: 
Ground Elevation: 
Total Depth: 
Elevation at Screen 
Screened Interval: 
17 May 1981 
466.94 m 
8. 1 O m 
Bottom: 458.84 m 
1. 52 m 
Water Elevations 
Date 
25 May 
4 June 
8 1 
81 
10 June 81 
16 June 81 
19 June 81 
28 June 81 
9 July 81 
11 July 81 
13 July 81 
17 July 81 
6 Aug 81 
13 Aug 81 
14 Aug 81 
15 Aug 81 
17 Aug 81 
10 Oct 81 
26 Oct 81 
31 Oct 81 
4 Nov 81 
7 NOV 81 
12 Nov 81 
17 Nov 81 
18 Dec 81 
27 March 82 
11 April 82 
17 April 82 
24 April 82 
1 May 82 
8 May 82 
23 May 82 
21 June 82 
31 July 82 
19 Aug 82 
8 Oct 82 
1 2 
16 
26 
6 
16 
4 
Oct 
Oct 
Oct 
Nov 
Nov 
Dec 
82 
82 
82 
82 
82 
82 
m ft 
467.33+ 1533.23+ * 
467 .33.. 1533,23 
467 .33.. 1533.23 
467.485 1533,74 
467.48 1533.72 
467 .48 1533,72 
467 .44 1533.59 
467.44 1533,59 • 
467.42 1533,53 X 
467.46 1533,67 
467 .43 1533 .56 
467.425 1533.545 
467.42 1533,53 & 
467.41 1533.49 * 
467,41 1533,49 X 
467 ,37 1533 .36 
467.38 1533.395 
467.38 1533.395 
467.40 1533.46 • 
467,40 1533,46 X 
467,35 1533.31 
467.39 1533,43 
FROZEN 
FROZEN 
FROZEN 
467.47 1533.69 
467.49 1533,76 
467.49 1533.77 
467.50 1533.79 
467 .53 1533.89 
467 .52 1533.85 
467.46 1533.66 
467 .41 1533.51 
467 .37 1533.36 
467.38 1533.41 
467.395 1533.44 
467.41 1533,49 
FROZEN 
FROZEN 
467.43 1533,46 
15 31. 9 5 ft 
26.58 ft 
1505.37 ft 
5.00 ft 
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Figure 51. Hydrograph for Well #16 DEEP 
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TABLE 27: WATER LEVEL DATA FOR WELL #17 SHALLOW 
Installation Date: 18 May 198 1 
Ground Elevation: 461.77 m 1514.99 ft 
Total Depth: 2,67 m 8.11 ft 
Elevation at Screen Bottom: 459 • 10 m 1506.22 ft 
Screened In te rv al: 1. 5 2 m 5.00 ft 
Water Elevations 
Date m ft 
24 May 81 461.795 1515.075 • 
4 June 8 1 461.985 1515,70 
10 June 81 461.92 1515,485 
16 June 8 1 461.99 1515,715 
19 June 81 461.985 1515,70 
28 June 81 462.05 1515,90 
9 July 81 461,985 1515,70 
11 July 81 462.025 1515.83 • 
15 July 81 462.09 1516.04 X 
17 July 81 462.05 1515,90 
6 Aug 81 462.055 1515,93 
15 Aug 8 1 462.005 1515,765 * 
17 Aug 81 461. 9 9 1515.715 X 
5 Sept 81 461,96 1515,63 
10 Oct 81 461.94 1515,56 
26 Oct 81 46 1. 9 6 1515.61 
31 Oct 81 461,94 1515.56 
5 Nov 8 1 461.95 1515.58 • 
1 1 Nov 8 1 461.94 1515,56 X 
18 Dec 81 FROZEN 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
17 Ap!"il 82 462.09+ 1516.06 
24 April 82 462.09+ 1516.06 
1 May 82 462.11 1516.115 
8 May 82 462.07 1515,985 
23 May 82 462.13 1516.18 
21 June 82 462.14 1516.215 
3 1 July 82 462.06 1515.95 
19 Aug 82 462.01 1515.79 
8 Oct 82 461.90 1515.41 
1 2 Oct 82 461.935 1515.54 
16 Oct 82 461.94 1515.56 
26 Oct 82 461.96 1515.61 
5 Nov 82 461.95 1515,59 
1 6 Nov 82 461.96 1515.61 
4 Dec 82 461 .99 1515,72 
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Figure 52. Hydrograph for Well #17 SHALLOW 
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TABLE 28: WATER LEVEL DATA FOR WELL #17 DEEP 
Installation Date: 18 May 1981 G!"ound Elevation: 461.77 m 1514 .99 ft Total Depth: 5 .97 m 19.585 ft Elevation at Screen Bottom: 455.80 m 1495.415 ft Screened Intel"val: 1.52 m 5.00 ft 
Water Elevations 
Date m ft 2lJ May 81 4 62. 07 1515.96 
* 4 June 8 1 462.09+ 1516.06 
10 June 8 1 462.09+ 1516.06 
16 June 8 1 462.09+ 1516.06 
19 June 8 1 462.09+ 1516.06 
28 June 81 462.135 1516.195 
9 July 81 46 2. 07 1515,98 
11 July 8 1 462.07 1515.98 * 15 July 8 1 4 6 2. 07 1515.98 X 17 July 8 1 462.105 15Hi.095 6 Aug 8 1 462.04 1515.88 
15 Aug 8 1 462.00 1515.75 " 17 Aug 8 1 461.99 1515.72 X 
5 Sept 81 461.945 1515.57 10 Oct 8 1 461.91 1515.455 
26 Oct 8 1 461.92 1515.49 
3 1 Oct a1 461.92 1515.49 
5 Nov 8 1 461.92 1515.49 
* 1 1 Nov 8 1 461 ,93 1515,52 X 
18 Dec 8 1 FROZEN 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
17 April 82 462 .025 1515.835 
24 April 82 462.045 1515.90 
1 May 82 462.045 1515.90 
8 May 82 lJ62 .045 1515 ,90 
23 May 82 462.11 1516.10 
21 June 82 462.12 1516.13 
31 July 82 4 6 2. 02 1515.82 
19 A!lg 82 461.94 1515.54 
8 Oct 82 461.83 1515.18 
12 Oct 82 461.87 1515.33 
16 Oct 82 461.875 1515 .34 
26 Oct 82 461.89 1515.39 
5 Nov 82 461 .885 1515.375 
16 Nov 82 461.885 1515 .375 
4 Dec 82 461.92 1515.47 
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Figure 53. Hydrograph for Well #17 DEEP 
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TABLE 29: WATER LEVEL DATA FOR WELL 118 SHALLOW 
Installation Date: 18 May 198 1 
Ground Elevation: 46 6. 5 3 m 1530.62 ft 
Total Depth: 5.34 m 17 • 5 2 ft 
Elevation at Screen Bottom: 46 1 • 19 m 1513.10 ft 
Screened Interval: 1.5 2 m 5.00 ft 
Water Elevations 
Date m ft 
23 May 8 1 461.60 15Tii.44 * 
4 June 81 461.625 1514.52 
10 June 81 461.665 1514.65 
16 June 81 461.685 1514.72 
19 June 81 461. 69 1514,73 
28 June 81 461.695 1514.75 
9 July 8 1 461.66 1514.63 
1 1 July 81 461 .655 1514 .62 * 
1 3 July 81 461.495 1514.09 
17 July 81 451.865 1514.72 
5 Aug 81 461.62 1514.52 
15 Aug 8 1 461.64 1514.59 * 
18 Aug 81 451.46 1513.98 
19 Aug 81 451.48 1514.06 
5 Sept 8 1 461.53 1514.21 
10 Oct 8 1 461 .45 1513.96 
26 Oct 81 461.46 1513.98 
31 Oct 81 461.475 1514.03 
5 Nov 81 461.465 1513.995 * 
10 Nov 81 461.37 1513 .70 
17 lfov 81 461.45 1513.98 
18 Dec 81 4 6 1 • 45 1513.96 
27 March 82 4 6 1 • 4 25 1513.86 
1 1 April 82 461.55 1514 .27 
17 April 82 461.595 1514.42 
24 April 82 461.63 1514.535 
1 May 82 461.66 1514.64 
8 May 82 461.675 1514.68 
23 May 82 461.735 1514.88 
21 June 82 461.77 1515.00 
31 July 82 461. 68 1514.70 
19 Aug 82 461.595 1514.42 
8 Oct 82 461.43 1513.88 
1 2 Oct 82 461.44 1513.91 
1 6 Oct 82 461.46 1513.98 
26 Oct 82 461.495 1514,09 
5 Nov 82 461.49 1514.08 
16 Nov 82 461.495 1514.09 
4 Dec 82 461 .50 1514.11 
Figure 54. Hydrograph for Well 118 SHALLOW 
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TABLE 30: WATER LEVEL DATA FOR WELL #18 DEEP 
Installation Date: 18 May 198 1 
Ground Elevation: 466.53 m 1530 .52 f't 
Total Depth: 9,09 m 29.83 f't 
Elevation at Screen Bottom: 457.44 m 1500.79 ft 
Screened Interval: 1. 52 m 5. 00 f't 
Water Elevations 
Date m ft 
23 May 81 461.60 1514.44 • 
4 June 8 1 461.625 1514.52 
10 June 81 461.65 1514.62 
16 June 81 461.685 1514.72 
19 June 81 461.685 1514 .72 
28 June 81 461.685 1514.72 
9 July 8 1 461 .65 1514.61 
1 1 July 8 1 461.64 1514.59" 
13 July 8 1 4 6 1 • 6 35 1514 .57 X 
17 July 81 461 .675 1514.69 
5 Aug 8 1 461.61 1514 .47 
15 Aug 8 1 461.58 1514.39 * 
18 Aug 81 461.57 1514.34 
19 Aug 81 461.56 1514,32 X 
5 Sept 8 1 461.51 1514.16 
10 Oct 81 461 ,45 1513.945 
26 Oct 81 461.455 1513.96 
3 1 Oct 81 461.465 1513,995 
5 Nov 81 461.465 1513.995 • 
10 Nov 81 4 6 1. 46 1513 .98 X 
17 Nov 8 1 461.465 1513 .995 
18 Dec 81 461.445 1513.93 
27 March 82 4 6 1 • 4 25 1513.86 
1 1 April 82 461.56 1514.29 
17 April 82 461 .595 1514 .42 
24 April 82 461.63 15 14 • 5 35 
1 May 82 461.66 1514.64 
8 May 82 461.675 1514.68 & 
23 May 82 461.735 1514 .88 
21 June 82 461.76 1514 .96 
31 July 82 461.675 1514.68 
19 Aug 82 461.59 1514.39 
8 Oct 82 4 6 1 • 4 25 1513.86 
12 Oct 82 461.45 1513.94 
16 Oct 82 461.465 1513.995 
26 Oct 82 461.495 1514.09 
5 Nov 82 461.475 1514.03 
16 Nov 82 461 .49 1514 .oa 
4 Dec 82 461.50 1514.11 
Figure 55, Hydrograph for Well #18 DEEP 
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TABLE 31: WATER LEVEL DATA FOR WELL #19 
Installation Date: 17 June 198 1 Gr'ound Elevation: 465.03 m 1525 .68 ft Total Depth:: 2 .18 m 7 • 15 ft Elevation at Scr'een Bottom: 462.85 m 1518 .53 ft Scr'eened In te r'Val: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 19 June 8 1 463.85 1521.79 • 28 June 8 1 464-33 1523.37 9 July 8 1 464.70 1524.58 1 1 July 8 1 464.71 1524 .61 * 13 July 8 1 463.39 1520.31 17 July 81 464.06 1522,48 6 Aug 81 464,79 1524 .89 15 Aug 8 1 464.65 1524.43 • 18 Aug 81 463.73 1521.41 19 Aug 81 463.83 1521,73 X 5 Sept 81 464.50 1523.92 10 Oct 81 464.72 1524.66 26 Oct 81 464.79 1524.89 31 Oct 8 1 464.805 1524 .955 4 Nov 8 1 464.82 1524 .99 " 7 Nov 81 464.38 1523.55 x 12 Nov 81 464.805 1524 .955 17 Nov 81 464.82 1524 .99 18 Dec 8 1 464,79 1524.89 
27 March 82 464.88 1525.19 1 1 April 82 465.02 1525,66 
17 Apr'il 82 46 4. 9 5 1525 .43 24 Apr'il 82 464.92 1525.32 1 May 82 464,90 1525.27 8 May 82 464.89 1525 .22 
23 May 82 464.91 1525,28 
21 June 82 464.87 1525.15 
3 1 June 82 464.63 1524 ,38 19 Aug 82 1164.44 1523.74 
8 Oct 82 464.51 1523.97 12 Oct 82 464.82 15 24 . 9 9 
16 Oct 82 464.76 1524.81 
26 Oct 82 464.77 1524.82 
6 Nov 82 464,79 15 24 . 8 9 16 Nov 82 464.77 1524 .82 
4 Dec 82 464.83 15 25 .o 2 
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Figure 56. Hydrograph for Well #19 (1982) 
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TABLE 32: WATER LEVEL DATA FOR WELL #20 
Installation Date: 17 June 1981 
Ground Elevation: 465 .02 m 1525.66 ft 
Tota 1 Depth: 1.26 m 4 . 1 3 ft 
Elevation at Screen Bottom: 46 3. 7 6 m 1521 .53 ft 
Screened In te rva 1: 0.305 m 1 • 0 0 ft 
Water Elevations 
Date m ft 
1 9 June 8 1 464.90 1525.27 • 
28 June 8 1 464.87 1525,16 
9 July 8 1 464.72 1524.68 
1 1 July 8 1 464.79 1524 .89 • 
1 3 July 8 1 464.50 1523.96 X 
17 July 81 464 .795 1524 .925 
6 Aug 8 1 464.78 15 24 • 8 8 
15 Aug 8 1 464.64 1524 .42 • 
18 Aug 8 1 464.49 1523 .93 
19 Aug 8 1 464.52 1524.04 X 
5 Sept 8 1 464.82 1523.89 
10 Oct 8 1 464 ,70 1 5 24 • 6 1 
26 Oct 8 1 464.78 1524 .88 
3 1 Oct 8 1 464.80 1524 .94 
4 Nov 8 1 464.81 1524.98 • 
1 Nov 8 1 46 4. 6 0 1524 .27 X 
1 2 Nov 8 1 464,755 1524 ,795 
17 Nov 8 1 464.80 1524.94 
18 Dec 8 1 464.76 1524 .81 
21 March 82 464.83 1525 .02 
1 1 April 82 465.02 1525.66 
17 April 82 464.895 1525.255 
24 April 82 464.89 1525 ,24 
1 May 82 464.875 1525.19 
8 May 82 464.86 1525.14 
23 May 82 464.88 1 5 25 . 2 1 
21 June 82 464.84 1525 .07 
3 1 July 82 464.61 1524 ,30 
19 Aug 82 464.41 1523.66 
8 Oct 82 464.48 1523.89 
1 2 Oct 82 464.80 1524.94 
1 6 Oct 82 464.74 1524 ,745 
26 Oct 82 464.75 1524 .76 
6 Nov 82 464.76 1524.81 
16 Nov 82 464.735 1524.73 
4 Dec 82 464.78 15 24 • 8 6 
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Figure 57. Hydrograph for Well #20 
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TABLE 33: WATER LEVEL DATA FOR WELL 121 
Installation Date: 17 June 1 98 1 
Ground Elevation: 465. 46 m 1527.08 ft Total Depth: 2. 1 9 m 7 , 185 f't !nevation at Screen Bottom: 463.27 m 1 5 1 9 • 9 05 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 81 463.34 1520.13 
28 June 81 463.45 1520.49 
9 July 8 1 463.42 1520.38 
1 1 July 81 463.41 1520.36 • 17 July 81 463.43 1520.41 
6 Aug 8 1 463.46 1520.51 
15 Aug 81 463,36 1520.21 
18 Aug 81 463.365 15 20, 2 3 
5 Sept 8 1 463.35 1520.18 
10 Oct 8 1 DRY 
26 Oct 8 1 4 6 3, 30 1520.03 
31 Oct 8 1 463,30 1520 .o 3 
27 March 82 4 6 3. 29 1519 ,97 
1 1 April 82 46 3.29 1519,97 
17 April 82 DRY 
24 April 82 4 6 3. 32 1520,07 
1 May 82 463.44 1520.46 
8 May 32 46 3.53 1520.77 
23 May 82 463.56 1520 .87 
21 June 82 463.42 1 5 20 , 4 1 
31 July 82 463.35 1520.16 
19 Aug 82 463.30 15 20, 02 
8 Oct 82 DRY 
12 Oct 82 463.28 1519,95 
1 6 Oct 82 463.30 1520.02 
26 Oct 82 463.295 1520.00 
5 Nov 82 46 3,29 1519,98 
16 Nov 82 463.29 1519,98 
4 Dec 82 4 6 3. 29 1519.98 
Figure 58. Hydrograph for Well 121 
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TABLE 34: WATER LEVEL DATA FOR WELL #22 
Installation Date: 17 June 1981 
Ground Elevation: 46 4. 7 1 m 152ll ,65 ft Total Depth: 1. 60 m 5,24 ft Elevation at Screen Bottom: 46 3. 11 m 1519.41 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 8 1 463.84 1521.78 
* 28 June 81 463.76 1521.52 
9 July 8 1 463,515 1520.72 
1 1 July 81 463.70 1521.325 * 1 7 July 8 1 463.64 1521.13 
6 Aug 81 463.48 1520.60 
15 Aug 81 463.37 1520 .24 
" 18 Aug 8 1 463.25 1519.85 
5 Sept 8 1 463.185 1519.635 
10 Oct 81 463.22 1519,75 
26 Oct 81 463.205 1519.70 
3 1 Oct 81 DRY 
27 March 82 FROZEN 
1 1 April 82 463.305 1520 .03 
17 April 82 463,305 1520.03 
24 April 82 463.45 1520.50 
1 May 82 463.64 1521.13 
8 May 82 463.665 1521,21 
23 May 82 4 6 3. 8 45 1521.80 
21 June 82 4 6 3. 6 25 1521 .08 
31 July 82 4 6 3. 30 1520.01 
19 Aug 82 DRY 
8 Oct 82 DRY 
12 Oct 82 DRY 
16 Oct 82 DRY 
26 Oct 82 DRY 
5 Nov 82 DRY 
16 Nov 82 463.165 1519.57 
4 Dec 82 463,175 1519.60 
i01\, 
Figure 59. Hydrograph for Well #22 
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TABLE 35: WATER LEVEL DATA FOR WELL 123 
Installation Date: 17 June 1981 
Ground Elevation: 46 4. 6 4 m 1524.40 ft To ta l Depth: 1. 5 2 m 4.99 ft Elevation at Screen Bottom: 463.12 m 1519.41 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
1 9 June 81 463.84 1521.79 • 28 June 81 463.80 1521 .65 
9 July 8 1 463.60 1521.00 
1 1 July 8 1 463.67 1521.23 * 1 3 July 81 463.59 1520.97 
17 July 81 463.61 1521 .03 
6 Aug 8 1 463.56 1520 .87 
1 5 Aug 81 463.37 1520.25 
* 18 Aug 8 1 463.26 1519.90 
5 Sept 8 1 463.20 1519.69 
10 Oct 81 463.22 1519.75 
26 Oct 8 1 463.20 1519 .69 
3 1 Oct 8 1 463.20 1519.69 
27 March 82 463.16 1519.56 
1 1 Apri 1 82 463.20 1519.69 
17 Apr-il 82 463 .31 1520.05 
24 Apr-i l 82 463.92 1522.05 
1 May 82 463.88 1521 ,92 
8 May 82 463,87 1521 .87 
23 May 82 463.95 1522.15 
21 June 82 463.765 1521 .54 
3 1 July 82 4 6 3. 29 1519.98 
19 Aug 82 REMOVED 
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Figure 60. Hydrograph for Well #23 
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TABLE 36: WATER LEVEL DATA FOR WELL #24 
Installation Date: 18 June 198 1 
Ground Elevation: 46 5 • 1 0 m 1525,93 ft Total Depth: 1. 39 m 4.57 ft Elevation at Screen Bottom: % 3 .11 m 1521 .36 ft Screened Interval: 0,305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 81 463.86 1521.8() 
28 June 81 464.02 1522.38 
9 July 8 1 463,91 1522.02 
1 1 July 8 1 463.90 1521.99 
" 17 July 8 1 463,91 1522.02 
5 Aug 8 1 463.85 1521.82 
15 Aug 81 463.74 1521.46 
18 Aug 81 463.73 1521.43 
5 Sept 81 463.73 1521 .43 
10 Oct 8 1 DRY 
26 Oct 81 DRY 
31 Oct 8 1 DRY 
5 No·, 8 1 DRY 
1 8 Dec 81 DRY 
27 March 82 463.87 1521 .89 
1 1 April 82 463,90 1521.99 
17 April 82 463,90 1521 .99 
24 April 82 463.87 1521.89 
1 May 82 ~63.88 1521 .92 
8 May 82 463.895 1521 .97 
23 May 82 463.99 1522.28 
21 June 82 453.84 1521.79 
3 1 July 82 DRY 
19 Aug 82 DRY 
8 Oct 82 DRY 
12 Oct 82 DRY 
16 Oct 82 DRY 
26 Oct 82 DRY 
5 Nov 82 DRY 
16 Nov 82 DRY 
4 Dec 82 DRY 
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Figure 61. Hydrograph for Well #24 
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TABLE 37: WATER LEVEL DATA FOR WELL #25 
Installation Date: 18 June 198 1 
Ground Elevation: 465.08 m 15 25. 8 4 ft Total Depth: 2.21 m 7.255 ft Elevation at Screen Bottom: 46 2. 87 m 1518 .595 f't Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 81 463.97 1522.20 * 
28 June 8 1 464.06 1522.51 
9 July 8 1 463.88 1521.905 
1 1 July 8 1 463.94 1522.12 * 
17 July 8 1 463.935 1522.10 
5 Aug 81 463,75 1521.48 
15 Aug 8 1 463,67 1521.215 * 18 Aug 81 463.58 15 20. 9 2 
5 Sept 8 1 463.46 1520.53 
10 Oct 8 1 463,63 1521.08 
26 Oct 8 1 463.66 1521.19 
31 Oct 8 1 463.68 1521 .26 
5 Nov 8 1 463.68 1521.26 " 
1 1 Nov 81 463.68 1521.26 X 
18 Dec 8 1 463.71 1521.35 
27 March 82 463.89 1521.94 
11 April 82 463.91 1522.00 
17 April 82 463.91 1522.00 
24 April 82 463.87 1521 .87 
1 May• 82 463.88 1521.90 
8 May 82 463.89 1521 .94 
23 May 82 463,98 1522.25 
21 June 82 463.82 1521.72 
3 1 July 82 463.365 1520.23 
19 Aug 82 463.23 1519,77 
8 Oct 82 463.26 1519.87 
1 2 Oct 82 463.37 1520 .25 
16 Oct 82 463.40 1520.33 
26 Oct 82 463.46 1520.53 
5 Nov 82 463.49 15 20. 6 25 
16 Nov 82 463.50 1520 .675 
4 Dec B2 463.58 1520.92 
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Figure 62. Hydrograph for Well #25 
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TABLE 38: WATER LEVEL DATA FOR WELL #26 SHALLOW 
Installation Date: 18 June 1981 
Ground Elevation: 46 4. 79 m 1524 .91 ft 
Total Depth: 1. 36 m 4.46 ft 
Elevation at Screen Bottom: 463.43 m 1520.45 ft 
Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
1 9 June 81 463.485 1520 .62 
28 June 81 463.50 1520 .67 
9 July 8 1 463.50 1520 .67 
1 1 July 8 1 463.50 1520 .67 * 
17 July 81 463.48 15 20 • 6 0 
5 Aug 81 463.61 1521 .05 
15 Aug 8 1 463.52 15 20. 7 3 
1 8 Aug 8 1 463.515 15 20. 7 2 
5 Sept 81 46 3. 5 3 1520.77 
10 Oct 8 1 463.485 1520,62 
26 Oct 8 1 463.47 1520.57 
31 Oct 8 1 463.47 1520.57 
5 Nov 8 1 463.47 1520 .57 
10 Nov 8 1 463.47 1520.57 
18 Dec 8 1 DRY 
27 March 82 463.46 1520 .55 
1 1 April 82 463.46 1520.55 
17 April 82 463.47 1520.57 
24 April 82 463.48 1520 .60 
1 May 82 463.495 1520.65 
8 May 82 463.51 15 20. 7 0 
23 May 82 463.555 1520.85 
21 June 82 463.62 1521 .06 
3 1 July 82 463,63 1521.08 
19 Aug 82 463,555 1520.85 
8 Oct 82 463.465 1520.555 
1 2 Oct 82 463,45 1520 .52 
16 Oct 82 4 6 3. 45 1520 .52 
26 Oct 82 463.46 1520.51 
5 Nov 82 463.455 1520.52 
1 6 Nov 82 463.45 1520.505 
4 Dec 82 4 6 3. 45 1520.505 
.10 
-1521.00 
-
..:!:.- .90 
C: 
0 
-
" > 
"' 
w 
.80 
.70 
. 60 
.50 
1520.40 
MAR 
Figure 63. Hydrograph for Well #26 SHALLOW 
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TABLE 39: WATER LEVEL DATA FOR WELL #26 DEEP 
Installation Date: 18 June 1981 
Ground Elevation: 46 4. 7 9 m 1524 .91 rt 
Total Depth: 2. 11 m 6.92 rt 
Elevation at Screen Bottom: 462.68 m 1517.99 rt 
Screened Interval: 0.305 m 1 • 00 rt 
Water Elevations 
~ m rt 
19 June 81 463. 27 1519.915 • 
28 June 8 1 463.95 1522.16 
9 July 8 1 463.69 1521.31 
1 1 July 81 463.50 1520 .67 * 
17 July 81 463.76 1521 .54 
5 Aug 8 1 463.61 1521 .05 
15 Aug 81 463.52 15 20. 7 5 * 
18 Aug 8 1 463.405 1520.36 
5 Sept 8 1 463.205 1519 .70 
10 Oct 81 463,33 1520.13 
26 Oct 8 1 463.375 1520.26 
31 Oct 8 1 463.38 1520.29 
5 Nov 81 463.39 15 20. 32 * 
10 Nov 8 1 463.38 1520.29 X 
18 Dec 8 1 463.42 15 20, 4 2 
27 March 82 463.20 1519.68 
1 1 April 82 46 3. 35 1520 .18 
17 April 82 4 6 3. 57 1520 .88 
24 April 82 463.77 1521.54 
1 May 82 463.84 1521 .78 
8 May 82 463.835 1521 .77 
23 May 82 463,935 1522.095 
21 June 82 463.78 1521 .60 
31 July 82 463.40 1520.34 
19 Aug 82 463.10 1519 .36 
8 Oct 82 462,905 1518.72 
1 2 Oct 82 463.05 1519.19 
16 Oct 82 463.115 1519.41 
26 Oct 82 463,21 1519.73 
5 Nov 82 463.265 1519 .90 
1 6 Nov 82 463,285 1519.96 
4 Dec 82 463.375 1520,26 
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Figure 64. Hydrograph for Well #26 DEEP 
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TABLE l!O: WATER LEVEL DATA FOR WELL #27 SHALLOW 
Installation Date: 18 June 198 1 
Ground Elevation: l!64.68 m 1524 .55 ft Total Depth: 2,53 m 8.30 ft Elevation at Screen Bottom: l/6 2. 1 5 m 1516.25 ft Screened Interval: 0,305 m 1 , 0 0 ft 
Water Elevations 
~ m ft 
19 June 81 l/62.ll95 1517,37 • 28 June 8 1 462,58 1517,65 
9 July 8 1 462,505 1517 .40 
1 1 July 81 462.495 1517.37 • 13 July 8 1 li62.li9 1517,35 
17 July 8 1 li62.515 1517.435 
5 Aug 8 1 462.405 1517.075 
15 Aug 8 1 li62.35 1516.89 • 
1 8 Aug 81 li62-31 1516,76 
5 Sept 8 1 ll62.27 1516.63 
10 Oct 8 1 462.20 1516.l!O 
26 Oct 8 1 ll62.195 1516,385 
31 Oct 8 1 462.18 1516,335 
·5 Nov 81 462.185 1516,35 
10 Nov 8 1 li62.185 1516.35 
18 Dec 8 1 DRY 
27 March 82 DRY 
1 1 April 82 462.29 1516,70 
1 7 April 82 462,33 1516.83 
24 April 82 462.li45 1517.205 
1 May 82 462.71 1518.075 
8 May 82 462.65 1517.88 
23 May 82 ll62.85 1518.55 
21 June 82 462.64 1517.8li5 
3 1 July 82 li62.475 1517 .30 
19 Aug 82 ll62.35 1516.89 
8 Oct 82 li62.22 1516.ll7 
1 2 Oct 82 462.28 1516.68 
16 Oct 82 462,31 1516.76 
26 Oct 82 462.24 1516.53 
5 Nov 82 462.22 1516.47 
1 6 Nov 82 462.21 1516.43 
4 Dec 82 462.225 1516.1185 
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Figure 65. Hydrograph for Well 127 SHALLOW 
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TABLE 41: WATER LEVEL DATA FOR WELL #27 DEEP 
Installation Date: 18 June 198 1 
Ground Elevation: 46 4. 68 m 1524 .55 ft Total Depth: 3. o 6 m 10. 025 ft Elevation at Screen Bottom: 461.62m 15 14 • 5 35 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
~ m ft 
19 June 81 462.60 1517.71 
* 28 June 8 1 462.56 1517.60 
9 July 8 1 46 2. 49 1517.35 
11 July 8 1 462.485 1517.34 * 1 3 July 8 1 462.49 1517.35 X 
17 July 81 462.51 1517.42 
5 Aug 8 1 462.39 1517.04 
15 Aug 81 462.35 1516.89 * 
18 Aug 8 1 462.33 1516.84 
5 Sept 81 462.26 1516.60 
10 Oct 8 1 462.19 1516.37 
26 Oct 81 462.19 1516.37 
3 1 Oct 8 1 462.195 1516.385 
5 Nov 8 1 462.19 1516.37 * 
10 Nov 8 1 462.19 1516.37 X 
18 Dec 81 462.17 1516.30 
27 March 82 462.18 1516.335 
1 1 Apri 1 82 462.29 1516 .70 
17 April 82 462.33 1516.83 
24 April 82 462.445 1517.205 
1 May 82 462.70 1518.04 
8 May 82 462.64 1517.86 
23 May 82 462,84 1518.52 
21 June 82 462.63 1517.83 
3 1 July 82 462.47 1517.29 
19 Aug 82 462.34 1516.88 
8 Oct 82 462.22 1516.47 
1 2 Oct 82 462.28 1516 .68 
1 6 Oct 82 462.30 1516.75 
26 Oct 82 462.24 1516.53 
5 Nov 82 452.22 1516.47 
1 6 Nov 82 462.21 1516.43 
4 Dec 82 462.22 1516.48 
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Figure 66, Hydrograph for Well 127 DEEP 
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TABLE 42: WATER LEVEL DATA FOR WELL /#28 
Installation Date: 18 June 1981 
Ground Elevation: 46 4. 69 m 1524 .57 ft Total Depth: 1.50 m 4 • 9 15 ft Elevation at Screen Bottom: 463.19 m 1519 .665 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
~ m ft 
1 9 June 8 1 464.10 1522.64" 
28 June 8 1 464.105 1522.66 
9 July 8 1 464.015 1522.365 
11 July 81 464.04 1522.445 • 15 July 8 1 464.06 1522.51 X 
17 July 8 1 464.05 1522 .48 
5 Aug 81 464.00 1522.315 
15 Aug 81 463.99 1522.28 * 
18 Aug 81 463.97 1522.215 
19 Aug 8 1 453.95 1522.15 X 
5 Sept 81 46 3. 9 3 1522.085 
10 Oct 81 !J63.93 1522.085 
24 Oct 8 1 !J63.93 1522.085 
31 Oct 81 !J63.945 1522.13 
5 Nov 81 463.94 1522.12 • 
8 Nov 8 1 463.93 1522.085 X 
17 Nov 8 1 463.93 1522.085 
18 Dec 8 1 !J63.965 1522.20 
17 April 82 FROZEN 
24 April 82 FROZEN 
21 June 82 463.96 1522.18 
31 July 82 463.88 1521 .92 
19 Aug 82 463.835 1521 .77 
8 Oct 82 463.76 1521 .59 
1 2 Oct 82 463.87 1521.69 
16 Oct 82 463.845 1521.805 
26 Oct 82 463.65 1521.82 
5 Nov 62 463.64 1521.79 
15 Nov 82 463.85 1521.82 
4 Dec 82 463.90 1521 .985 
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Figure 67, Hydrograph for Well #28 
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TABLE 43: WATER LEVEL DATA FOR WELL #29 
Installation Date: 18 June 198 1 
Ground Elevation: 464.62 m 1524.33 ft Total Depth: 1 • 1 1 m 3. 6 45 ft Elevation at Screen Bottom: 463.51 m 1520.695 ft Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 81 464.105 1522.66 • 28 June 8 1 464.115 1522.69 
9 July 8 1 464.02 1522.38 
1 1 July 8 1 464.07 1522.53 * 
15 July 8 1 464.105 1522.66 
17 July 8 1 464.07 1522.53 
5 Aug 8 1 464.02 1522.38 
15 Aug 81 464.005 1522.33 • 
18 Aug 81 464.975 1522.23 
1 9 Aug 8 1 464.97 1522.215 
5 Sept 81 463 ,94 1522.10 
10 Oct 8 1 463.94 1522.10 
26 Oct 81 4 6 3. 9 45 1522.135 
31 Oct 8 1 463.96 1522.17 
5 Nov 81 463,96 1522.17 • 8 Nov 8 1 463.96 1522.17 
10 Nov 81 463.945 1522,135 X 
17 Nov 8 1 463.96 1522.17 
18 Dec 81 463,97 1522.20 
17 April 82 FROZEN 
24 April 82 FROZEN 
21 June 82 463,97 1522.20 
31 July 82 463.90 1521.97 
19 Aug 82 463.84 1521.79 
8 Oct 82 463.80 1521 .64 
1 2 Oct 82 463.88 1521.905 
16 Oct 82 463.88 1521 .905 
26 Oct 82 463.865 1521 .87 
5 Nov 82 463.865 1521 .87 
16 Nov 82 463.87 1521 .89 
4 Dec 82 463.91 1522.02 
Figure 68. Hydrograph for Well #29 
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TABLE 44: WATER LEVEL DATA FOR WELL #30 
Installation Date: 18 June 1981 
Ground Elevation: 464.92 m 1525,31 ft 
Total Depth: 1. 87 m 6 • 1 3 ft 
Elevation at Screen Bottom: 46 3. 0 5 m 1519.18 ft 
Screened Interval: 0.305 m 1 • 00 ft 
Water Elevations 
Date m ft 
19 June 81 464.23 1523,055 
* 28 June 8 1 464.23 1523.07 
7- 9 July 8 1 464.09 1522.595 
--i 1 1 July 81 464.12 1522,71 • 
13 July 8 1 464.115 1522.69 1C 
' 17 July 81 464.125 1522 ,73 ci?-
~-; 6 Aug 81 464,10 1522 .63 
"t 15 Aug 8 1 464.04 1522.43 • 
18 Aug 81 463.97 1522.20 
5 Sept 8 1 463,96 1522.15 
'':;.. 
10 Oct 8 1 464.015 1522,365 
0 26 Oct 81 464.01 1522,35 
31 Oct 8 1 464.025 1522.40 
4 Nov 8 1 464.03 1522.415 * 8 Nov 81 463,99 1522.27 1C 
17 Nov 81 454.00 1522.30 
27 March 82 464.19 1522,92 , , April 82 464.18 1522.905 
:1 17 April 82 464.19 1522 ,92 
24 April 82 464.15 1522.81 , May 82 4 6 4. 1 25 1522.73 
8 May 82 464.11 1522.68 
23 May 82 464.17 1522.85 
21 June 82 464.09 1522 ,595 
,"!< 3 1 July 82 463.99 1522 .27 
19 Aug 82 463,90 1521.99 
8 Oct 82 463.89 1521.94 
12 Oct 82 463,95 1522.15 
1 6 Oct 82 463,945 1522.135 
26 Oct 82 463,95 1522.15 
5 Nov 82 463,94 1522,10 
16 Nov 82 4 6 3. 9 45 1522.135 
4 Dec 82 464.01 1522,33 
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Figure 69. Hydrograph for Well #JO 
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TABLE 115: WATER LEVEL DATA FOR WELL 131 
Installation Date: 18 June 1981 
Ground Elevation: 464.86 m 1 5 25 • 1 2 ft 
Total Depth: i .2 9 m 4 • 2 4 ft 
Elevation at Screen Bottom: 463.57 m 1520.88 ft 
Screened Interval: 0.305 m 1 • 00 rt 
Ila ter Elevations 
Date m ft 
19 June 8 1 46ii.o85 1522.59 • 
28 June 8 1 464.19 1522.935 
9 July 31 464.085 1522.59 
1 1 July 8 1 464.12 1522.705 * 
13 July 8 1 464.11 1522.67 
17 July 8 1 464.115 1522.69 
6 Aug 8 1 464.09 1522,61 
15 Aug 8 1 464.0115 1522.46 • 
18 Aug 8 1 464.025 1522.39 
5 Sept 8 1 463.99 1522.28 
10 Oct 8 1 464.01 1522,34 
26 Oct 8 1 464.00 1522,31 
31 Oct 8 1 464.02 1522.38 
4 Nov 81 464.02 1522.38 • 
8 Nov 8 1 464.005 1522.33 X 
17 Nov 8 1 464.01 1522.34 
27 March 82 464.17 1522.87 
1 1 April 82 464.14 1522.77 
17 Apri 1 82 464.135 1522.755 
24 April 82 464.11 1522.67 
1 May 82 464.09 1522.61 
8 May 82 464.075 1522.56 
23 May 82 464.13 1522.74 
21 June 82 464.05 1522.48 
31 July 82 463.96 1522.18 
1 9 Aug 82 463,90 1521 .98 
8 Cct 82 463.87 1521.885 
1 2 Oct 82 463.945 1522.13 
16 Oct 82 463.945 1522.13 
26 Oct 82 463.93 1522.oa 
5 Nov 82 463.93 1522.08 
16 Nov 82 463.935 1522.10 
4 Dec 82 463,99 1522.28 
' 
Figure 70. Hydrograph for Well #31 
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TABLE 46: WATER LEVEL DATA FOR WELL #32 
Installation Date: 14 Aug 198 1 
Ground Elevation: 464.45 m 1523.79 ft 
Total Depth: 3.00 m 9.84 ft 
Elevation at Screen Bottom: 461.45 m 1513.95 ft Screened Interval: 0.305 m 1 • 0 0 ft 
Water Elevations 
Date m ft 
14 Aug 8 1 461. 67 1s"i'4.665 
15 Aug 8 1 463.78 1521 .59 
16 Aug 8 1 464.085 1522.59 
" 18 Aug 8 1 464.15 1522 ,80 X 
5 Sept 8 1 464.12 1522.70 
10 Oct 8 1 464.23 1523.065 
26 Oct 8 1 464.25 1523.13 
31 Oct 8 1 464.265 1523.18 
lj Nov 8 1 464.26 1523.16 • 
7 Nov 8 1 464.245 1523,115 X 
1 2 Nov 8 1 464.25 1523.13 
17 Nov 81 464.255 1523,145 
27 March 82 FROZEN 
1 1 April 82 FROZEN 
17 April 82 464.27 1523.195 
24 April 82 464.34 1523. 4 25 
1 May 82 464.29 1523,26 
7 May 82 464.26 1523.16 & 
23 May 82 464.29 1523.26 
21 June 82 464.225 1523,05 
31 July 82 463.90 1521 .98 
h 19 Aug 82 464.0ll 1522.44 
> 8 Oct 82 464.00 1522.31 
0 
1 2 Oct 82 464.11 1522.67 
16 Oct 82 464.045 1522.46 
26 Oct 82 464.01 1522.34 
5 Nov 82 4 6 3. 98 1522.245 \s 1 6 Nov 82 463.985 1522.26 .-;, 
,, 4 Dec 82 464.05 1522.47 ",,.:. 
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Figure 71. Hydrograpb for Well #32 
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TABLE 47: WATER LEVEL DATA FOR WELL #33 
Installation Date: 14 Aug 198 1 
Gr-ound Elevation: 46 4. 45 m 1523.79 ft 
Total Depth: 2.06 m 6.76 ft 
Elevation at Scr-een Bottom: 46 2. 39 m 1517.03 ft 
Scr-eened Inter-val: 0.305 m 1 • 00 ft 
Water- Elevations 
Date m ft 
1 4 Aug 8 1 463.54 1520.80 
1 5 Aug 8 1 464.145 1522.785 
1 6 Aug 81 464.135 1522.75 * 
18 Aug 81 464.115 1522.69 X 
5 Sept 81 464.09 1522.605 
10 Oct 81 464.20 1522.965 
26 Oct 81 464.22 1523.03 
31 Oct 81 464.235 1523,08 
4 Nov 81 464.23 1523.065 • 
7 Nov 8 1 464.215 1523.015 X 
1 2 Nov 8 1 464.22 1523.03 
17 Nov 8 1 464.22 1523 .03 
27 Mar-ch 82 FROZEN 
1 1 April 82 FROZEN 
17 April 82 464.21 1523.00 
24 April 82 464,305 1523.31 
1 May 82 464.255 1523.145 
7 May 82 464.22 1523.03 
23 May 82 464.25 1523.13 
21 June 82 464.19 1522,93 
3 1 July 82 464.08 1522,57 
1 9 Aug 82 464.01 1522.34 
8 Oct 82 463.97 1522.21 
1 2 Oct 82 464.08 1522 .57 
1 6 Oct 82 464.015 1522.36 
26 Oct 82 4 6 3. 98 1522.245 
5 ~ov 82 463.95 1522,145 
1 6 Nov 82 463.955 1522.16 
4 Dec 82 464.025 1522.39 
Figure 72, Hydrograph for Well #33 
1523.40 
.30 
. 20 
.10 
.£ 1523.00 
C .90 
1982 
A~ . /···* .• ~ x\.,,,. ... ~ .... 
0 
-
.80 
Ill 
'* > .70 <I) 
w 
.60 
.50 
.40 
.30 
1522.20 
\~. 
' . 
\-----J\ .. / 
1982 "·-MAR APR MAY JUNE Jl.JLY AUG Sl:Pf CT NOV DEC 
~ 
Appendix B 
SLUG/BAIL TEST DATA 
205 
20 6 
Table 48: Slug Test for Well #2 
H =8.685 
H :8 .345 
Ho- H =0.34 0 
t (sec) H-h H-h/H-H 
0 
----- -- -----
--------0 0.34 100 
20 0. 17 5 51. 47 
27 0 .1 2 35.29 
35 0.0975 28.68 
44 0,075 22.06 
53 0 .o 55 16, 18 
59 0.045 13. 2 3 
69 0 .o 35 11 • 76 
80 0,025 7,35 
87 0.02 5.88 
t 37 = 33 sec ... K : 2 .64 X 10-5m/sec 
--------------------------------------------------
Table 49: Bail Test for Well #2 
H =8,685 
H =9. 10 Ho 
-
H :0.415 0 
t (sec) H-h h-H/H o-H 
-------
-----
______ ..__ 
0 0. 4 15 100 
8 0.2775 66.87 
1 7 0. 185 44.58 
25 0. 1 35 32. 5 3 
37 0. 12 24. 10 
47 0. 1 0 15.66 
59 0.04 9,64 
72 0, 0 25 6,02 
88 0.015 3. 6 1 
t 37 :28 sec .. K = 3. 1 2 X 10-5m/sec 
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Figure 73, Graphs of Slug and Bail Tests on Well #2 
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Table 50: Slug Test Data for Well #3 
H :6.52 
H :5.83 
Ho- H :0.69 0 
t H-h H-h/H-H t H-h H-h/H-H 0 0 
-----
--------
----- -----
--------0 0. 69 100 294 0.44 63. 77 1 3 o.67 9 7 .1 0 330 0,42 60.87 27 o.67 94,20 368 0.40 57.97 38 0.64 92. 7 5 408 0.38 55.07 52 0. 6 2 8 9 .85 448 0.36 52. 17 62 0.61 88.40 498 0 .3 4 49.27 76 0.60 8 6. 9 5 540 0.32 46.38 
97 0.58 84,05 588 0,31 43,48 121 0.56 8 1.15 639 0 .28 40.58 147 0.54 7 8 .2 6 69 1 0.26 37 .68 17 3 0.52 75.36 7 46 0.24 34 .83 
199 0.50 72.46 8 00 0.22 31. 88 228 0.48 69 .56 859 0.20 28.98 
261 0.46 66 .6 7 9 30 0. 18 26.09 
t 37 :728 sec. I( = 1.20 X 1 o-6m/sec 
--------------------------------------------------
Table 51: Bail Test Data f'or Well 13 
H =6 .52 
=~ 
=7 .50 
-
H :0.98 
t h-H h-H/H h-H/ 
o-H t h-H H0 -H 
----- -------- ----- ----- --------0 0.98 100 6 37 0. 7 1 7 2. 45 1 1 o. 9 65 98.47 712 0.69 70.41 
26 0. 9 4 9 5 .92 792 o.67 68.37 
48 0. 9 1 9 2 .86 928 o.64 65.31 
71 0.89 90,82 1059 0.61 6 2. 2!1 
1 1 4 o.87 88.78 1123 O .6 0 6 1. 22 
15 6 0.85 8 6. 7 3 17 40 0 .52 53.06 
212 0. 8 2 83.67 1913 0 .50 51. 02 
29 1 0 .80 8 1. 63 2087 o.48 48,98 
369 O. 7 8 79.59 2482 0,44 44.90 
482 0.75 76.53 2909 0,40 40.81 
555 o. 7 3 7 4 ,49 327 1 0,37 37. 75 
t37 = 3290 sec. I( = 2,65 X 10-7m/sec 
' 
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Figure 74, Graphs of Slug and Bail Tests on Well #3 
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Table 52: Slug Test for Well #5 
H :0,75 
H0 :0.52 
H - H0 :0.23 
t (sec) H-b H-b/H-H 
0 
------- -----
--------
0 0.23 100 
60 0.205 89.13' 
120 0. 1 9 82.61 
150 O. 1 8 78.26 
18 0 0. 1 7 73.91 
240 0. 15 5 67.39 
320 0. 1 4 60 .87 
390 0. 1 3 56.52 
480 0. 1 15 50.00 
600 0. 1 0 43.48 
760 o.oa 34. 78 
108 0 0.05 21. 7 3 
t37 =755 sec. K = 1. 15 X ,o-6m/sec 
% 
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Figure 75. Graph of Slug Test on Well #S 
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Table 53: Slug Test for Well #6 SHALLOW 
H = 1. 20 5 
H0 :0,59 H - H0 :0.615 
t (sec) H-h H-h/H-H 
0 
30 
70 
90 
150 
225 
255 
350 
t 37 =305 sec. 
0 _____ .., 
--------
0.615 100 
0.56 9 1. 06 
O. 4 9 19, 67 
O. 46 74.80 
0.38 61. 79 
0.30 48 .78 
0.27 43 ,90 
0. 195 31. 71 
K" 2.86 x 10-6m/sec 
------~-------------------------------------------
Table 5 ti: Bail Test for Well #6 SHALLOW 
H :1.23 
H :2 .03 
Ho 
-
H :0.80 
" 
t h-H h-H/ H o-H t h-H h-H/H -H 0 
----- -------- ----- ----- --------0 0 .8 O 100 865 0.49 61. 25 
55 0.765 95 .62 925 0.47 58. 7 5 
115 0.75 9 3. 7 5 985 0.455 56.87 
145 0. 7 25 90 .6 2 1045 0.44 5 5 .oo 
205 0. 70 87,50 1165 0.415 51 .87 
295 0.67 83. 75 1285 0.385 48. 1 2 
415 0. 625 7 8. 1 2 1465 0.35 43. 7 5 
505 0 ,59 5 7 4. 37 17 65 0.295 36.87 
565 0.575 7 t. 87 2065 0 .. 25 31 • 2 5 
625 0.56 70.00 2365 0.205 25. 6 2 
685 0.54 67.50 2665 0. t 7 21 • 25 
805 0 ,505 6 3. 1 2 29 65 0. 1 4 17 .50 
t 37 =1740 sec. K = 5 .o 2 X 10-7m/sec 
% 
Figure 76. G.aphs of Slug and Bail Tests on Well #6 SHALLOW 
100:r--,--. ____ ._ 
50 
% 
10 
5 
slug test• 
~1@37=305 
time 
100'.'P"" .... _. __ 
·--·--.......·-· 
-~-·-· 
--·-·-·-· SOi -
1 
101 bail test• 
"t@37=1740 
5~ 
' ' ' ' ' ' ' 1 2 3 4 5 6 7 8 9 10 
---·--·---1'----·--· ' r 
2 3 
(sec) x100 
--
·---...., 
' ' ' ' 11 12 13 14 15 
! 
i 
I 
' 
' I 
' i 
' I 
l 
4 
-*· i 
! 
' 
' 
' :
' 
' 
' 
' 
' 
' 
' : 
' 
' 
' I 
' ' ' ' ' 16 17 18 19 
lime (sec) K 100 
N 
... 
... 
--·-
' ' ' ' ' 20 21 22 23 24 
214 
Table 55: Slug Test for Well #6 DEEP 
t H-h 
-----
0 0.42 
45 0 .365 
75 0.35 
10 5 0.345 
135 0.335 
165 0.325 
19 5 0.305 
225 0.245 
t 37 = 306 
H :D.51 
H0 :D.D9 
H - H0 :D.42 
H-h/H-H t 0 
-------- -----
100 285 
8 6. 9 D 315 
83 .33 37 5 
8 2. 14 450 
79.76 520 
77.38 575 
7 2 .62 615 
58.33 
H-h H-h/H-H 0 
----- --------
0.225 5 3 .57 
0. 19 5 46.43 
0 .165 39 .29 
0. 1 25 29. 76 
0 .10 23.81 
0.09 21 .4 3 
0.085 20.23 
sec .. K = 2 .85 X 10-6m/sec 
100 
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Figure 77. Graph of Slug Test on Well #6 DEEP 
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Table 56: Slug Test for Well #7 
H-h 
-----
0.575 
0.505 
0.46 
0.44 
0.42 
0.395 
0 .375 
0.35 
0.32 
0.29 
0.275 
H =22.89 
H0 :22.315 
H - H0 :0.575 
H-h/H-H t H-h 0 
-------- -----
-----100 16 2 0.26 
87 .8 3 17 8 0.24 
8 O .oo 19 3 0.225 
76.52 209 0.21 
7 3 .04 244 0. 1 8 
68. 7 0 272 0. 1 6 
65.22 323 0. 1 3 
60.87 344 0. 1 2 
55.65 360 0 • 1 1 
50,43 380 0. 1 0 
47. 8 3 
H-h/H-H 
0 
--------
45.22 
4 1 • 7 4 
39. 1 3 
36.52 
31. 30 
27 .8 3 
22. 6 1 
20.87 
19. 1 3 
17 • 3 9 
"37 = 205 sec. K = 4.26 X 10-6m/sec 
---------~----------------------------------------
Table 57: Bail Test for Well #7 
H =22.89 
H =23,57 Ho 
-
H :0.68 0 
t h-H h-H/H o-H t h-H h-H/ H H o-
----.-
--------
----- ----- --------0 0.66 100 18 3 0.265 38.97 
20 0.61 89. 7 0 19 4 0.25 36.76 
29 0.585 8 6 .o 3 206 0.235 34 .56 
39 0 .56 82.35 217 0.225 33.09 
49 0. 5 3 77 .9 4 233 0.21 30.88 
57 0.51 75.00 245 0 .19 5 28.68 
65 0.49 72.06 26 3 0. 1 8 26.47 
8 1 0.45 66.16 27 4 0. 17 25,00 
90 0. 4 3 6 3 .23 283 0 • 16 23. 5 3 
100 0.405 59,56 299 0. 15 22.06 
11 3 0.38 55.88 32 3 0 . 1 3 19 . 1 2 
126 0.36 52 .9 4 342 0, 1 2 17.65 
133 0. 3 4 50.00 362 0. 1 1 16 • 1 8 
162 0.295 43.38 380 0. 1 0 14.70 
173 0.28 41.18 
t 37 : 200 sec. K = 4.36 X 10-6m/sec 
% 
% 
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Figure 78. Graphs of Slug and Bail Tests on Well #7 
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Table 58: Slug Test f'or Well 18 
H :0.775 
H : 0. 0 22 
Ho- H :0.753 0 
t (sec) H-h H-h/H-H 
0 
------- -----
---------0 0. 7 53 100 
1 20 O. 7 33 9 7, 2 1 
240 0. 7 14 9 4. 8 2 
400 0. 6 9 3 9 2. 20 
600 0 .6 76 89.77 
750 0 .664 88. 18 
875 0.655 8 6 ,99 
1020 0.641 8 5. 13 
1320 0.619 82.20 
19 20 0.584 77 .s 6 
t 37 : 6020 sec. K = 1. 45 X ,o-7m/sec 
100 
50 
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Figure 79. Graph of Slug Test on Well #8 
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Table 59: Slug Test for Well #9 DEEP 
H-h 
-----
H :8,91 
H0 :8,33 H - H0 :0.58 
H-h/H-H t 0 H-h H-h/H-H 0 
-------- ----- ----- --------0 0.58 100 15 4 0, 1 7 29 , 3 1 
21 0.48 82. 76 164 0, 1 6 27. 5 9 
30 0.435 7 5 .oo 17 6 0.145 25 .oo 
42 0.395 68 • 1 0 18 9 0. 1 3 22. 4 1 
53 0.365 62 .9 3 202 0. 1 2 20.69 
67 0.325 58.03 214 0 • 1 1 18,97 
75 0.305 52.59 226 0 .09 5 Hi.3 8 
89 0.28 48.28 240 0.09 15. 5 2 
100 0.25 4 3. 1 0 257 0.08 13.79 
1 1 1 0 .2 35 40.52 270 0 .075 12. 9 3 
125 0.215 37 .07 284 0.07 12.07 
1 39 0. 19 32. 76 
t37 : 134 sec. K = 6, 5 1 X 10-6ro/sec 
------------------------------------~--·--------··-
Table 60: Bail Test for Well #9 DEEP 
t h-H 
0 0.79 
10 0.72 
20 0.665 
28 0.63 
34 0.58 
46 0. 5 3 
55 0. 4 9 
64 0.45 
73 0.42 
81 0.39 
89 0.365 
100 0.335 
109 0.31 
116 0,29 
H :8. 9 1 
H0 =9,70 H0 - H :0.79 
100 
91.14 
84.18· 
79.75 
7 3. 4 2 
67.09 
62.03 
56 .9 6 
5 3. 1 6 
49.37 
46.20 
42.40 
39,24 
36 • 7 1 
t 
124 
132 
14 1 
15 4 
17 2 
180 
189 
206 
222 
24 0 
26 1 
27 4 
289 
h-H 
0.27 
0,25 
0.23 
0.21 
0 .17 
0. 1 6 
0. 145 
0.125 
0. 11 
0 .095 
0.08 
0.01 
0.06 
h-H/ H H 
o-
34. 1 8 
3 1 • 6 5 
29 • 11 
26.58 
21 .5 2 
20.25 
18.35 
15.82 
1 3 • 9 2 
12. 0 2 
10. 1 3 
8 .a 6 
7 .60 
t 37 = 114 sec • K = 7,65 x 10-6m/sec 
100 
50 
% 
10 
5 
100 
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Figure 80. Graphs of Slug and Bail Tests on Well #9 DEEP 
slug test: 
•t@37=134 
bail test: 
* !@37=114 
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Table 61: Bail Test for Well #10 
H ::11.855 
H 0 :12.145 
H0 - H :0.29 
t (sec) H-h h-H1H0 -H 
-------
0 
14 
27 
36 
49 
56 
t 37 ::26 sec. 
0.29 
0.175 
0 .1 05 
0 .075 
0.045 
o.o 3 
--------
100 
60. 35 
36. 21 
25.86 
15 . 5 2 
10.34 
100 
50 
% 
10 
5 
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Figure 81. Graph of Bail Test on Well 110 
bail test: 
*t@37=26 
2 3 
time (sec) x10 
4 5 6 
224 
Table 62: Slug Test f'or Well #11 
H : 1. 18 
H =O, 7 8 
Ho- H 
= 0. 4 1 0 
t (sec) H-h H-h/H-H 
-------
0 
-----
__ .., _____ 
0 0. 4 1 100 21 0.295 7 1. 9 5 
!j 3 0.20 48. 78 
77 0. 1 !J 31J.15 
9 1 0. 1 2 29.27 1 1 1 0,09 21 • 20 
1 !J 3 0.06 1!J .63 
16 3 0.05 12.20 
17 8 0.045 10.98 
196 0 .o 35 8.54 
210 0. 0 3 7 .32 220 0. 025 6. 1 0 
t 37 :85 sec. K = 1.03 lC 10-5m/sec 
--------------------------------------------------
t 
0 
17 
33 
!j 9 
62 
73 
86 
10 6 
122 
t 37 
Table 63: Bail Test f'or Well #11 
h-H 
-----
0.67 
0, 5 !J 
o.445 
0,37 
0.32 
0.21 
0.225 
0. 17 5 
0. 145 
:82 
H =1.18 
H0 :1.85 
H0 - H =0.67 
h-H/ H 
o-H t _____ ..., __ 
-----100 13 1 
80. 60 146 
66.42 157 
55.22 168 
!J7 ,76 18 5 
40.30 198 
33,58 238 
26 • 1 2 258 
21 • 6 4 28 3 
h-H h-H/ H o-H 
----- --------0.13 19 .!Jo 
0.11 16.42 
0.095 14 • 1 8 
0.085 12.69 
0.07 10. 45 
0.06 8.96 
0.05 7.46 
O .o 35 5.22 
0 .025 3. 7 3 
sec. K = 1.06 lC 10-Sm/sec 
100 
50 
% 
10 
5 
100 
50 
% 
10 
5 
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Figure 82, Graphs of Slug and Bail Tests on Well #11 
slug test: 
*t@37::85 
bail test: 
*t@37::82 
1 
1 
time (sec) 
time (sec) 
2 
x100 
2 
x100 
3 
3 
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Table 6 4: Slug Test for Well #12 
H =2.48 
H : 1. 46 
Ho- H = 1. 02 0 
t (sec) H-h H-h/H-H 
0 
-------- ---- .. 
--------
0 1 • 0 2 100 
71 1 .005 98 .5 3 
161 0.99 97.06 
25 1 0.98 96.08 
431 0.96 9 4 .12 
701 0 .9 3 91.18 
881 0.91 8 9 .22 
14 8 1 0.85 83.33 
1961 0.81 79.41 
220 1 0.79 77.45 
2441 0.77 75.49 
2921 0. 7 3 7 1 . 57 
3281 0. 7 1 69.61 
3821 0.67 65.69 
t37 :8880 sec. K = 9. 8 3 X 10-8m/sec 
100 
0 
% 
10 
Figure 83, Graph of Slug rest on Well #12 
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Table 65; Slug Test for Well #13 DEEP 
f1 = 9. 09 5 
H 
=8 .3 3 
Ho- H :0.765 0 
t (sec) H-h H-h/H-H 
0 
-------
-----
--------0 0.765 100 4 1 0 .625 81. 70 56 0.565 13 .a 6 78 0.52 67,97 106 0,46 6 0. 13 1 27 0.42 5 4. 9 0 146 0-38 5 50.33 166 0.355 46. 4 O 191 0.325 42.48 21 1 0.30 39 .22 2 31 0.28 36. 6 0 248 0.265 34.64 261 0.245 32 .o 3 286 0.23 30.07 304 0.215 28. 10 331 0 .19 5 25.49 346 O. 18 5 24. 18 36 1 0, 17 5 22.88 391 0 • 155 20.26 423 0, 145 18. 9 5 46 6 0 .1 25 16.34 484 0. 1 15 15. 0 3 
t 37 = 265 sec,, K = 3,75 X ,o-6m/sec 
100 
50 
;;i' % 
:;,; 
10 
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Figure 84. Graph of Slug Test on Well #13 DEEP 
slug test: 
•1@37=265 
1 2 3 4 
time (sec) x100 
s 
2 30 
Table 66: Slug Test for Well #15 SHALLOW 
t H-h 
-----
0 0.68 
27 0,655 
57 0.65 
82 0, 6 4 
10 2 0 .6 3 
122 0.605 
162 0.555 
182 0,545 
207 0.515 
2 37 0.465 
t37 =232 
H :0.775 
H0 =0.095 H - H0 :0.68 
H-h/H-H 
0 t 
-------- -----
100 287 
9 6.32 322 
95 ,59 347 
9 4. 1 2 397 
92,65 422 
88,97 462 
81 • 6 2 482 
80. 15 507 
7 5, 7 3 5 42 
68.38 
H-h H-h/H-H 0 
-----
_.,. _______ 
0.405 59 ,56 
0.345 50. 7 3 
0. 3 1 45,59 
0,24 35,29 
0,205 30 , 1 5 
0, 1 45 21 ,32 
0. 1 25 18.38 
0 .085 1 2. 5 0 
0.045 6 ,62 
sec. K = 3, 76 X 10-6m/sec 
--------------------------------------------------
Table 67: Bail Test for Well #15 SHALLOW 
H ; 1, 40 
H :2.42 
Ho 
-
H : 1. 02 0 
t h-H h-H/H o-H t h-H h-H/H H o-
----- -------- ----- ---- .. ---------0 1. 02 100 875 0,765 75, 00 
65 0, 98 5 9 6 ,57 10 25 0, 7 45 73.0ll 
125 0 ,965 9 4. 6 0 1205 0. 7 2 70. 59 
215 0, 9 35 9 1. 6 7 1355 0.69 66. 67 
275 0 ,92 90.20 1535 0.66 5 4. 7 1 
355 0,90 88 ,23 1775 0, 6 1 59 .8 0 
395 0.885 86 .76 1895 0,59 57 .84 
455 O, 87 85.29 2075 0,56 5 4 .90 
515 0. 8 5 8 3 ,33 2225 0 .5 3 51.96 
69 5 0 , 8 1 7 9 , 4 1 2375 0. 5 1 50,00 
t37 = 3240 sec. K ; 2.69 X 10-7m/sec 
100 
50 
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Figure 85. Graphs of Slug and Bail Tests on Well #15 SHALLOV 
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Table 68: Slug Test for Well #15 DEEP 
t H-h 
-----0 0.477 
20 0.475 
75 0 .4 6 4 
1 20 0.458 
18 o 0.444 
310 0 .422 
420 o. 4 06 
615 0,375 
t 37 = 3280 
H =0.49 
11 0 :0.013 
H - H0 :0.477 
H-h/H-H 
0 t 
-------- -----10 0 720 
99.58 840 
97.30 960 
96.02 1080 
93.08 1260 
88.47 1380 
8 5. 11 1500 
78,62 
H-h H-h/H-H 0 
-----
--------0. 36 4 76.31 
0. 351 7 3 .58 
0.34 7 1. 28 
0.322 67.50 
0.313 65.60 
0.304 6 3. 7 3 
0.295 61.84 
sec. K = 2.66 X 10-7m/sec 
--------------------------------------------------
Table 69: Bail Test for Well #15 DEEP 
H :0.49 
H = 1. 26 
H: 
-
H :0.77 
h-H/ H h-H/H H t h-H o-H t h-H o-
----- -------- -----
----- --------0 0.11 10 0 650 0 .5 35 69. 48 25 0,755 98.05 770 0.50 64. 9 3 80 0.73 94 .80 890 o.47 6 1 • 0 4 140 0.10 9 0, 9 1 1070 0.43 55,84 
200 0.68 88.31 1130 0.415 5 3, 9 O 280 o.65 84 .42 1310 0. 37 5 48. 70 
350 0.615 79.87 14 30 0.355 46. 1 O 470 0 .58 5 75, 97 1550 0.33 42 .86 
530 0.57 74 .03 1570 0.31 40.26 
590 0.55 7 1 , 4 3 1820 0.29 37. 6 6 
t 37 :1840 sec. K = 4. 7 4 X 1 o-7m/sec 
II 
II 
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Figure 86. Graphs of Slug and Bail Tests on Well 115 DEEP 
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Table 70: Slug Test for Well 116 SHALLOW 
H = 1 • 2 6 
H =0.48 
Ho- H :0.78 0 
t (sec) H-h H-h/H-H 
0 
------- --- --
--------
0 0.78 100 
30 O. 7 3 9 3.59 
60 0.70 89. 7 4 
90 0.665 85.26 
120 0. 6 3 80. 77 
135 0. 6 1 7 8 .20 
165 0.58 74.36 
19 5 0.56 71. 79 
225 0.53 67.95 
255 0.505 64. 7 4 
285 0.48 61. 5 4 
315 0.46 58.97 
345 0. 4 4 5 6. 4 1 
4 05 0.40 51.28 
435 0.38 48. 7 2 
495 0.345 44.23 
555 0 . 3 1 39,7li 
615 0.28 35. 9 0 
6 75 0.24 30,77 
7 35 0.22 28.20 
795 0.195 25. 00 
855 0. 1 7 21 . 79 
' 
10-6m/sec ' t 37 = 575 sec. K = 1. 52 X 
4 
Figure 87. Graph of Slug Test on Well #16 SHALLOW 
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Table 71: Slug Test ror Well 116 DEEP 
H-h 
H = 1, 28 
H0 =0.72 
H - H0 :0.56 
H-h/H-H t 0 H-h H-h/H-H 0 
----- -------- ----- ----- --------0 0.56 100 370 0.26 46.43 
25 0.50 89.29 430 0.2, 42 .86 
55 0.475 8 4, 8 2 550 0.20 35 , 7 1 
85 0.45 80.36 610 0 .185 33.04 
115 0.42 75,00 6 40 0. 1 8 32. 1 4 
145 0.40 7 1 • 4 3 670 0. 175 3 1 • 25 
175 0. 3 8 67 .86 8 50 0. 1 45 25,89 
340 0.28 50.00 
t 37 : 515 sec. K = 1 . 69 X 10-6m/sec 
--------------------------------------------------
Table 72: Bail Test ror Well 116 DEEP 
t h-H 
o o. 9 4 
180 0 .92 
360 0 ,905 
480 0 .885 
120 o .86 
960 0.84 
H :1.245 
H0 :2, 185 H0 - H :0.94 
h-H/H -H 
0 
100 
97.87 
9 6 .28 
9 4. 1 5 
9 1 • 49 
89,36 
t 
1380 
17 40 
26 40 
3240 
3840 
4440 
h-H 
0 .805 
0,775 
0.705 
o.665 
o .6 3 
0,59 
85 .6 4 
82 .45 
7 5 .oo 
70. 7 4 
67 ,02 
62.77 
t 37 =8850 sec. K = 9,86 x 10-
8m/sec 
.<,,;,,:,;1:t,;,:) ,_ 
· '?Lvii:'' 
100 
Figure 88. Graphs of Slug and Bail Tests on Well #16 DEEP 
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Table 73: Slug Test for Well #18 DEEP 
H =5,24 
H :4 .5 2 
Ho- Ho = 0. 7 2 
t (sec) H-h H-h/H-H 
0 
------- ----- --------0 0. 7 2 100 
25 0.68 94 .44 
58 O .6 35 88. 19 
82 0. 6 1 84. 7 2 
99 0.59 81.9 4 
1 25 o ,56 77,78 
144 0. 5 45 7 5 .69 
20 1 0.49 68. O 5 
2 30 0.465 64.58 
274 o.43 59,72 
306 a. 4 1 5 6. 9 4 
337 o .385 5 3. 47 
364 a .365 50.69 
454 0. 3 15 113 .75 
519 0.285 39.58 
574 0.26 36. 11 
634 0.235 32.64 
69 4 0.215 29 .86 
76 4 0. 1 9 26.39 
814 0. 1 7 5 24. 30 
t 37 = 600 sec .. K = 1. J.15 X 10- 6m/sec 
% 
Figure 89, Graph of Slug Test on Well #18 DEEP 
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Table 7 4: Slug Test for Well #32 
H =0.98 
H :0.045 
Ho- Ho :0. 9 35 
t (sec) H-h H-h/H-H 
0 
------- ----- --------0 0 .9 35 100 
45 0. 8 3 88.77 
78 0. 7 6 8 1. 28 
105 0.71 75 .94 
135 0,65 69.52 
160 0. 6 1 65.24 
224 0.52 55. 6 1 
285 o.45 48. 13 
345 0.39 41. 71 
405 0,34 36,36 
465 0.30 32 ,09 
495 0.28 29. 9 5 
555 0.245 26.20 
645 0.20 21 • 39 
705 0. 1 8 19 .25 
765 0. 1 6 17. 1 1 
825 0. 1 4 14.97 
!? t 37 =480 sec. K : 5.51 X 10- 6mtsec 
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Figure 90, Graph of Slug Test on Well #32 
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Appendix C 
TEXTURAL ANALYSIS DATA 
The following pages list textural analysis data 
for auger-cutting samples collected from selected 
piezometel" sites. Given al"e the weight percentages for 
each 1/20 interval, values for the moment measut'es* 
(median, mean, sorting, skewness, and kurtosis), a 
histogram, and a probability (cumulative percentage) 
curve for each sample. Moment measures were computed 
using the following equations: 
median = 0 50 
mean= 
sorting= 
0 15•illa4- 2 Cfl50 l 05+ill95-2(fl50 l 
skewness = ... 
2<Da4-015l 2 <0 95-l!h;) 
kurtosis 
0 95 - il5 
= 
2.44(!)75 
- il25) 
* Folk and Ward ( 1957 l 
242 
243 
TEXTURAL ANALYSIS DATA FOR WELL #1 
(Given in Weight Percent) 
Table 75: Sample 1 -2, depth 1 2 ft 
.!'.!!I CLAS~ !!.!:!.! 
-1 1 / 2 2. 4 2 
-1 4.79 
-1 / 2 5.70 
0 a. 11 
+ 1/2 7.68 
+1 9.63 
+1 1 / 2 9.30 
+2 6.37 
+2 1 / 2 l!. 9 3 
+3 3.88 
+3 1 / 2 2.71 
+4 o.89 
SILT 21 • 3 3 
CLAY 12.20 
Table 76: Sample 1-2 
f:!~!'!_e n ~ !:!!!.~ s u !:~ 
05 =- 1 • 25 Median = + 1 • 6 25 
016 =-0.375 Mean = +2. 79 
0 
25 =+0.25 Sorting = +3.li 1 
0 50 =+1.625 Skewness = +0.41.!9 
0 15 :+5.375 Kurtosis = +O. 7 38 
0 84 =+7.125 
0 95 :+8.875 
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Figure 91 
Sieve Analysis Graphs for Sample 1-2 
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Table 77: Sample 1-3, depth 15 ft 
PHI CLASS RUN A RUN B AVERAGE 
--- ----
-- -
-----
-1 0,42 0.27 0.345 
-1 / 2 0.40 a.46 a. 4 3 
a 1.06 1. 04 1.05 
+ 1/ 2 1.24 1 • 04 1 . 1 4 
+1 1. 79 1. 77 1. 78 
+1 1/2 2.02 2.03 1 .025 
+2 1 .82 1.83 1. 825 
+2 1 / 2 3.46 3. 6 a 3 .5 3 
+3 8 .22 8.57 8.395 
+3 1 / 2 12.48 12.46 12.47 
+4 5,56 5 .90 5. 7 3 
SI LT 48.24 47,77 48.005 
CLAY 13.29 13 .26 13.275 
Table 78: Sample 1-3 Average 
Moment Measures 
05 =+1.125 Median = +4,74 
0,6 =+ 2. 7 5 Mean = +5.04 
0 25 =+3.125 Sorting = +2.374 
0 50 :+4.75 Skewness = +0. 122 
0 1s =+6.75 Kurtosis = +0.862 
0 
84 =+7 .625 
0 95 =+8.75 
r 
I 
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Figure 92 
Sieve Analysis Graphs for Sample 1-3 Average 
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1'able 7 9: Sample 1-4, depth 22 ft 
PHI CLASS RUN A RUN B AVERAGE 
--- - --- - ----
-2 o.oo 0.38 0. 1 9 
_, 1 / 2 0. 1 3 0. i 1 o. 1 2 
_, 0. 1 6 0.42 0.29 
-1 / 2 0 • 1 3 0. 1 8 o. 155 
0 0 • 3 1 0.35 0.33 
+1 / 2 0.31 0.33 0.32 
+1 0.55 0.55 0 .55 
+1 1 / 2 1.04 1 • 1 1 1 • 07 5 
+2 1. 92 1.9 3 1. 925 
+2 1/2 7.21 1 . 1 3 1.11 
+3 15. 1 8 14 • 6 1 14.895 
+3 1 / 2 1 5 • 6 2 15.36 15.49 
+4 5. 47 5. 7 8 5 .625 
SILT 40. 91 39,60 40.255 
CLAY 11 • 06 12. 16 11 • 6 1 
Table 80: Sample 1-4 Average 
Moment Measures 
1115 =+2.00 Median = + 4. 1 25 
11115 :+2.625 Mean = + 4. 7 1 
0 25 =+2.875 Sorting = +2. 21 
0 50 =+4.125 Skewn esa = +0.369 
0 
75 =+6.375 Kurtosis = +0.784 
0 s4 =+7-375 
0 95 = +8. 7 5 
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Figure 93 
Sieve Analysis Graphs for Sample 1-4 Average 
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Tab le 8 1: Sample 1 -5, depth 27 ft 
PHI CLASS RUN A RUN B AV[RAGE 
-- ---- -- - --- -
-2 1 / 2 0.86 0.00 0.43 
-2 0.38 0.20 0.29 
-1 1 / 2 0.91 0 . 3 1 0. 6 1 
-1 1 • 35 0.98 1. 16 5 
-1 / 2 1 • 7 0 1 • 07 1. 38 5 
0 2.45 2.22 2. 335 
+ 1/ 2 3. 2 3 1.29 2.26 
+1 6.92 6.96 6.94 
+1 1 / 2 13. 52 14.02 13.775 
+2 18.38 19.58 18.98 
+2 1/2 18.89 20 .6 1 19 • 7 5 
+3 9. 75 1 0 . 3 8 10 • 06 
+3 1 / 2 4.55 4. 7 2 4. 6 35 
+4 1.4 2 1 • 3 5 1. 38 5 
SILT 7,95 9.66 8.805 
CLAY 7. 7 4 6.65 7 • 19 5 
Table 82: Sample 1-5 Average 
Moment Measures 
----- ------
05 =-0.25 Median = + 2. 1 25 
015 =+1.00 Mean = +2,375 
0 25 =+1.375 Sorting = +2.095 
0 50 :+2.125 Skewn esa = +0.375 
0 1s =+2.875 Kurtosis = +2.425 
(II 8 4 :+4.00 
0 95 :+8.625 
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Figure 94 
Sieve Analysis Graphs for Sample 1-5 Average 
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PHI CLASS 
--- ----
-3 
-2 1/2 
-2 
-1 1 / 2 
- 1 
-1/2 
0 
+ 1 / 2 
+ 1 
+1 1 / 2 
+2 
+2 1 / 2 
.,-J +3 
+3 1 / 2 
+4 
·,:,, SILT 
' CLAY 
25 1 
Table 8 3: Sample 1 -6, depth 32 ft 
!!!I.!! !! RUN AB !l!.!! !!! RUN BB 
--- - -- --
o.oo 1.8 2 0 .o 0 o.oo 
3,71 O ,9 3 0. 38 3.15 
3,37 2.24 3. 6 3 2,90 
5.07 3.81 3. 70 2.57 
5, 7 6 3,68 6.16 5.28 
5.05 5 .JO 6.05 5.48 
6.22 6.85 6 .6 4 6 .89 
6.09 6.80 6 .67 6.47 
7. 79 9 .2 0 8.95 8.60 
9,53 11 • 0 4 11 • 07 10 • 4 6 
8.76 10.00 9,57 9,49 
7,87 8.27 8. 15 8. 1 4 
5 .6 0 5.76 5. 6 0 5.65 
3 .9 3 3.66 3. 72 3.88 
1. 37 1.26 1. 40 1 • 2 9 
12. 16 11.6 2 10 .56 11. 99 
7,72 7.76 7. 7 5 1.16 
Table 84: Sample 1-6 Average 
Mom~!!.!:. Me~,:_~ 
Ii\ =-1.875 Median = +1.375 
016 =-1.063 Mean = +1.813 
0 25 =-0.125 Sorting = + 3. 12 
0 
AVERAGE 
-----
0,455 
2.042 
3 .o 35 
3,787 
5.22 
5.47 
6.65 
6.507 
8. 6 35 
10 • 5 25 
9.455 
8. 1 08 
5,653 
3,798 
1.33 
11 • 58 3 
7. 7 47 
50 =+1.375 Skewness = +0.293 
0 15 =+3.00 Kurtosis : + 1 • 36 
084 =+5.125 
0 95 =+8.50 
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Figure 95 
Sieve Analysis Graphs for Sample 1-6 Average 
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Table 8 5: Sample 1 -7, depth 39 ft 
f!!!_ £LASS RUN A RUN B AVERAGE 
-- - ---~-
-2 1/2 2. 10 5.24 3.67 
-2 4. 7 4 10.40 7.57 
-1 1 / 2 6.22 6. 37 6.295 
-1 7. 7 3 11 • 2 9 9 , 5 1 
-1/2 6.84 10. 0 1 8. 425 
0 7. 5 1 8.61 8.06 
+ 1 / 2 6.51 5. 48 5. 9 9 5 
+ 1 7.12 4.48 5 .8 o 
+1 1 / 2 7. 77 3. 9 1 5.84 
+2 6 • 1 3 3.04 4.585 
+2 1 / 2 5.29 2. 8 6 4.075 
+3 3. 8 3 2.28 3.055 
+3 1 / 2 3,03 2. 11 2.57 
+4 1.09 0. 9 3 1.01 
SILT 15 .2 3 16. 3 4 15.785 
CLAY 8.86 6.65 7.755 
Table 86: Sample 1-7 Average 
Moment Measures 
05 =-2.375 Median = +O. 50 
016 = - 1 • 625 Mean = +1.458 
0 25 =-1.125 Sorting = + 3. 4 1 
0 50 =+0.50 Skewness = +0.434 
0 75 =+3,375 Kurtosis = +0.979 
0 84 :+5.50 
0 95 :+8.375 
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Figure 96 
Sieve Analysis Graphs for Sample 1-7 Average 
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Table 87: Sample 1-9, depth 48 ft 
RUN AA )!!!_~ AB )!UN BA RUN BB 
--- --
2. 7 5 0.00 0.00 o.oo 
1. 1 1 2.14 2 .02 0.24 
2.08 1. 9 1 o.4o 2.52 
2. 1 0 4.04 2. 1 3 2.26 
4.32 4 .6 4 3.79 4 .55 
4.69 5. 7 4 4.39 4.68 
6 .2 6 7.43 6.38 7.34 
6. 6 4 6. 7 1 5.76 7.43 
8.77 8.55 9.29 9.25 
11 • 5 1 10 • 7 6 l1 .59 11 • 8 4 
9. 4 1 8.55 9. 40 9.36 
6.88 6. 29 7. 1 6 6 .8 3 
4.36 4.09 4.88 4. 4 1 
3.03 2. 9 6 3 .5 2 3 • 1 1 
O .89 0.97 1. 17 1 • 06 
13. 0 3 13 • 07 14 • 9 3 14 • 0 3 
1 2. 17 1 2. 15 12.19 11 • 09 
Table 88: Sample 1-9 Average 
Moment Measures 
0_ =-2.25 ? Median = + 1. 75 
0,6 =-0.50 Mean = + 2. 6 25 
0 25 :0.00 Sorting = +3.46 
AVERAGE 
-----
0.69 
1. 38 
1 • 7 3 
2. 6 3 
4.33 
4.88 
6. 8 5 
6.88 
8.97 
11 • 4 3 
9 • 18 
6,79 
4 • 4 3 
3 • 1 5 
1 • 0 2 
13.76 
11 • 9 0 
0 
+0.323 50 =+1.75 Skewness = 
0 15 :+4.125 Kurtosis = + 1 • 10 
0 a4 =+6.625 
0 95 =+8.825 
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Figure 97 
Sieve Analysis Graphs for Sample 1-9 Average 
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Table 8 9: Sample 1 -10, depth 52 ft 
!'.!!!_ £LAS§_ !l!l.!! ! RUN B AVERAGE 
--- - -----
-2 1/2 1. 11 3. 1 5 2. 1 3 
-2 3 .o 3 1 • 8 4 2.435 
-1 1 / 2 4.43 4. 6 1 4. 5 2 
-1 8.02 7.67 7 .845 
-1/2 6 • 9 1 8.04 7,475 
0 9 • 0 1 9 . 7 5 9,38 
+ 1/ 2 8.88 9.32 9. 1 0 
+1 10.79 11.45 11 • 1 2 
+1 1/2 12. 7 1 12.58 12.645 
+2 8.99 8.84 8.915 
+2 1 / 2 6. 1 6 5 .42 5,79 
+3 3.48 2 .84 3. 1 6 
+3 1 / 2 2. 1 7 1. 7 3 1.95 
+4 0. 7 1 0.49 0. 6 0 
SILT 6 .9 6 5 .62 6.29 
CLAY 6.64 6.65 5. 6 45 
Table 90: Sample 1-10 Average 
Moment Measures 
------ ---------
05 =-1 .875 Median = +0.875 
016 =-1.125 Mean = +0.875 
0 25 =-0.50 Sorting = +2.57 
0 50 =+0.875 Skewness = +0 .9 4 
0 15 =+2 .o Kurtosis = +1.701 
0 a4 =+2.875 
0 95 =+8.50 
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Figure 98 
Sieve Analysis Graphs for Sample 1-10 Average 
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TEXTURAL ANALYSIS DATA FOR WELL #2 
(Given in Weight Percent) 
Table 91: Sample 2-1, depth 5 ft 
f!!! CLAS.§ 
-2 1 / 2 
-2 
-1 1 / 2 
-1 
-1/2 
0 
+ 1/ 2 
+1 
+ 1 1 / 2 
+2 
+2 1 / 2 
+3 
+3 1 / 2 
+4 
SILT 
CLAY 
RUN A 
1. 2 3 
o.oo 
0.22 
o. 6 4 
o • 4 2 
O. 7 3 
o.84 
1. 3 1 
2.09 
2.66 
3. 6 4 
4 • 3 3 
5 . 46 
2.24 
36. 4 3 
37,76 
RUN~ 
o.oo 
o. 1 5 
0. 11 
0.82 
0.62 
0.64 
o.86 
1.28 
2.07 
2.76 
3,67 
4.48 
5.54 
2. 18 
36,20 
38 .62 
AVERAGE 
0.615 
0.075 
0 • 165 
0,73 
0,52 
0 .68 5 
0 .85 
1. 29 5 
2.08 
2.71 
3,655 
4.405 
5,50 
2.21 
36 , 3 15 
38. 19 
Table 92: Sample 2-1 Average 
Moment Measures 
05 =+1.00 Median = +6,75 
0 
16 =+2.75 Mean = +6. 10 
0 25 =+ 4. 00 Sorting = +2. 7 4 
0 50 =+6.75 Skewness = -0 .37 
0 15 :+8.50 Kurtosis = +0.73 
0 s4 =+ 8. 8 1 
0 95 =+9.06 
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Figure 99 
Sieve Analysis Graphs for Sample 2-1 Average 
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Table 93: Sample 2-2, depth 9 ft 
-3 
-2 1 / 2 
-2 
- 1 1 / 2 
- 1 
-1 / 2 
0 
+ 1/ 2 
+1 
+ 1 1 / 2 
+2 
+2 1 / 2 
+3 
+3 1 / 2 
+4 
SILT 
CLAY 
RUN A 
-- -
2.53 
1. 5 3 
2.26 
2.50 
3.28 
3.63 
4 • 4 3 
4. 9 6 
7.80 
16 • 59 
1 3 • 0 7 
7.36 
6.03 
4.50 
1.46 
12. 5 3 
5,54 
RUN B 
-- -
o.oo 
1.28 
2.33 
l.80 
3,35 
4 .86 
5,59 
5 .85 
8. 78 
16.67 
12. 5 1 
6 .5 4 
4.09 
3.88 
1.1 3 
14 • 9 9 
5 ,5 4 
!!ERAGE 
1.265 
1. 405 
2,295 
2. 1 5 
3.315 
4.245 
5,01 
5.405 
8.29 
16 .6 3 
12.79 
6. 9 5 
5.465 
4. 1 9 
1.295 
13.76 
5. 5 4 
Table 94: Sample 2-2 Average 
Moment Measures 
05 =-2.00 Median = + 1. 50 
0,6 :-0.69 Mean = + 1. 75 
0 25 =+0.50 Sorting 
= +2.854 
0
so =+1.50 Skewness = +O .2 36 
0 15 =+2.94 Kurtosis = + 1. 7 4 
0
a4 :+4.44 
0 
95 =+8.375 
0 
... 
) 
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figure 100 
Sieve Analysis Graphs for Sample 2-2 Average 
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Tab le 9 5: Sample 2-3, depth 19 ft 
fHI fLAS_2 RUN A RUN 
-- -
B AVERAGE 
-----
-2 1 / 2 2 .95 2, 4 0 2.675 
-2 1. 36 0.98 1. 1 7 
- 1 1/ 2 1. 84 2 ,02 1.93 
-1 2.55 2.69 2.6 2 
-1 / 2 2.29 3. 4 2 2.855 
0 4 , 1 5 4.40 4. 27 5 
+ 1/ 2 5.24 5 ,5 3 5.385 
+1 8.06 8.24 8 . 15 
+1 1 / 2 11. 11 11 • 3 3 11 • 2 2 
+2 9,71 9-67 9.69 
+2 1 / 2 7, 38 7.27 7,325 
+3 5. 49 5 .29 5,39 
+3 1 / 2 4.38 4.35 4.365 
+4 1. 7 3 1. 7 3 1. 7 3 SILT 22.87 22 ,90 22.885 
CLAY 8.89 7, 78 8. 335 
Table 95: Sample 2-3 Average 
Mo!!!_~ 1:!_~~,!2~ 
05 =-1. 6 9 Median = +2 .oo 
015 =+0.053 Mean = +2,77 
0 25 =+0.75 Sorting = +3.08 
0 50 =+2.00 Skewness = +0.32 
0 15 :+4.81 Kurtosis = + 1. 02 
e84 =+6.25 
0 95 =+8.44 
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Figure 101 
Sieve Analysis Graphs for Sample 2-3 Average 
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TEXTURAL ANALYSIS DATA FOR WELL 13 
(Given in Weight Percent) 
Table ·97: Sample 3-2, depth 1 2 ft 
ff!±. £!:AS~ RUN A RUN B AVERAG~ 
-- -
-2 o.oo 0, 6 2 0. 3 1 
-1 1 / 2 0.38 0.24 0.31 
-1 0 .84 0. 5 1 0,675 
-1 / 2 0.87 0.58 0. 7 25 
0 0 .9 3 0.75 0.84 
+ 1/ 2 0 ,9 6 1. 02 0.99 
+1 1. 38 1. 35 1. 365 
+1 1 / 2 2, 2 4 2. 13 2. 1 85 
+2 3.49 3,48 3 .485 
+2 1/2 8.31 8.20 8.255 
+3 12. 9 0 13 • 2 7 13,085 
+3 1 / 2 1 3. 77 14.07 13. 9 2 
+4 5,55 5.43 5,49 
SILT 39,50 40 .6 0 40.05 
CLAY 8 .88 7,75 8.315 
Table 98: Sample 3-2 Average 
Mom!:.!:!.~ ~~~!:.~;! 
05 =+0.875 Median = + 3 .87 5 
0,6 =+2,31 Mean = +4,395 
0 25 =+2.75 Sorting = +2 .33 
0 50 =+3,875 Skewness = +0.273 
0 15 =+6.00 Ku,-tosis = +O .96 
0 a4 =+7,00 
0 95 =+8.50 
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Figure 102 
Sieve Analysis Graphs for Sample 3-2 Average 
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Table 99: Sample 3-3, depth 14 ft 
PHI CLASS 
~TL!!! RUN B AVERAGE 
--- --- -----
-2 O. 75 o.oo 0.375 
-1 1 / 2 1. 00 0.82 0 . 9 1 
-1 0.97 0 .82 0.895 
-1 / 2 0.87 0.84 0 .855 
0 1.04 0.97 1. 005 
+ 1 / 2 0.97 o.84 0 .905 
+1 1.28 1. 24 1 • 26 
+1 1 / 2 1. 9 5 1. 9 0 1 • 9 25 
+2 2.54 2.57 2 .555 
+2 1 / 2 4. 6 7 4. 7 2 4. 69 5 
+3 6 .9 5 7 • 1 1 7. 0 3 
+3 1/2 8. 1 6 8.57 8.365 
+4 3. 7 6 3. 7 2 3. 7 4 
SILT 50 . 7 1 5 l • 4 9 51.10 
CLAY 1 4 • 3 8 14. 39 14 • 38 5 
Table 100: Sample 3-3 Average 
Moment Measures 
---- -------
05 =+0.50 
0,5 =+2,56 
025 =+3,125 
050 =+5.00 
075 =+6.94 
084 =+7,81 
095 =+9,00 
Median= +5.00 
Mean = +5,12 
Sorting= +2,60 
Skewness = +0.006 
Kurtosis = +0,91 
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Figure 103 
Sieve Analysis Graphs for Sample 3-3 Average 
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Table 1 0 1: Sample 3- 5, depth 22 ft 
!:ti!. 9-~!§§ RUN! RUN B AVERAGE 
-- - --~-
-2 1 / 2 0.44 1 , 1 1 0, 775 
-2 1 • 1 3 1 , 24 1.185 
- 1 1 / 2 o.66 1.06 o.86 
- 1 1.66 1. 3 1 1 • 48 5 
-1/ 2 2.58 2,57 2 .57 5 
0 3. 6 2 3.30 3.46 
+ 1/ 2 3,25 3,25 3.25 
+1 4.24 4.30 4,27 
+1 1 / 2 5. 6 3 5,62 5 .6 25 
+2 5.89 5. 8 5 5.87 
+2 1 / 2 7.44 7 .37 7 .• 405 
+3 8. 1 7 8. 10 8 • 1 35 
+3 1 / 2 8.28 8.35 8. 3 15 
+4 3,33 3. 1 2 3. 225 
SILT 37 .06 35, 70 36. 38 
CLAY 6.62 7,75 1.185 
Table 102: Sample 3-5 Average 
~~~n~ !:!,easur.~;!. 
05 =-1.125 Median = + 3. 3 1 
0,6 =+ 0. 8 1 Mean = + 3. 5 6 
0 25 :+1.625 Sorting = +2 .82 
0 50 =+3,31 Skewness = +0.08 
0 1s =+5,56 Kurtosis = +0 .95 
0
s4 =+ 6. 5 6 
0 95 =+8.oo 
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Figure 104 
Sieve Analysis Graphs for Sample 3-5 Average 
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Table 1 03: Sample 3- 6, depth 27 ft 
PHI CLASS RUN 
--- ---
-2 1 • 09 
-1 1/2 1 • 4 4 
-1 2. 8 2 
-1 / 2 3.13 
0 4 .8 6 
+ 1 / 2 4 • 82 
... 1 5. 5 3 
+1 1/2 6. 1 2 
+2 6. 15 
+2 1/2 8.05 
\ 70 +3 7.88 
+3 1 / 2 6.86 
+4 2.46 
SILT 26.59 
CLAY 12 .20 
Table 104: Sample 3-6 
Moment Measures 
------ ---------
05 =-1.00 Median = +2.875 
016 ::+0,25 Mean = +3.46 
025 =+1.125 Sorting = + 3. 2 3 
0 50 =+2.875 Skewness = +0 .2 3 
0 15 =+ 5. 8 1 Kurtosis = +O .85 
0 84 =+7,25 
0 95 =+8.75 
* 
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Figure 105 
.Sieve Analysis Graphs for Sample 3-6 
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TEXTURAL ANALYSIS DATA FOR WELL #4 
(Given in Weight Percent) 
Table 105: Sample 4- 1 , depth 4 ft 
!'.Ii.[ C L A S ~ RUN A RUN B AVERAGE 
--- -
.. ,-- -
------
-2 o.84 0. 5 1 0.675 
-1 1 / 2 0. 1 8 0.47 0.325 
-1 0.58 0.20 0.39 
-1 / 2 0.67 O. 6 7 0.61 
0 1. 06 1. 04 1 • 0 5 
+1/ 2 1 • 1 1 1 • 1 1 1 • 1 1 
+1 1 • 8 9 1. 8 2 1 • 8 55 
+ 1 1/2 3,31 3,33 3,32 
+2 4 • 1 9 4,16 4,175 
+2 1/2 5,88 5. 9 3 5,905 
+3 6,99 1.01 1.03 
+3 1 / 2 7,03 7 • 1 8 7. 105 
+4 3 . 1 3 3. 1 3 3. 1 3 
SILT 45.39 45. 6 1 45. 50 
CLAY 1 7 • 7 5 17 • 7 7 17 . 7 6 
Table 106: Sample 4-1 Average 
Moment Measures 
05 :+O .625 Median = +5.063 
0,6 =+2.25 Mean = +5,146 
0 25 =+2.875 Sorting = + 2. 7 38 
0 50 =+5.063 Skewness ; -0.009 
0 75 =+7.188 Kurtosis = +0 .80 
1/J 84 :+8.125 
0 95 =+9,00 
* 
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Figure 106 
Sieve Analysis Graphs for Sample 4-1 Average 
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Table 107: Sample 4- 2, depth 6 ft 
PHI CLASS RUN A RUN B AVERAGE 
--- --- ---- - --- - -----
-1 0.06 0.07 0.065 
-1 / 2 0 • 1 3 0. 1 7 0. 1 5 
0 0 .35 O -3 3 0.34 
+ 1 / 2 0.79 0.81 a.Bo 
+1 4. 5 5 4.48 4.515 
+ 1 1/2 21 • 1 7 21. 11 21 • 1 4 
+2 33. O 5 32 • 6 6 32.855 
+2 1 / 2 1 9 .3 1 19 • 3 0 19 .305 
+3 1.26 7.55 7. 4 05 
+3 1/2 3 • 1 7 3.27 3.22 
+4 0. 9 0 0 .8 5 o.875 
SILT 5.98 5. 1 2 6.05 
CLAY 3 .28 3.28 3.28 
Table 108: Sample 4-2 Average 
Moment Measures 
·------ ------
"'\ =+0.938 Median = +1.875 
016 =+1.188 Mean = + 1. 9 4 
0 2s =+1.438 Sorting = + 1 .. 2 3 
0 50 :+1.875 Skewness = +0.39 
0 
75 =+2,375 Ku!"to sis : +2 .4 3 
0 84 =+2,75 
0 95 :+6.50 
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10 
9 
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•s"Ji 
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Figure 107 
Sieve Analysis Graphs for Sampl' 4-2 Average 
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Table 109: Sample 4-3, depth 8 ft 
!:_[!_ CLAS~ 
-1 1 / 2 
-1 
-1 / 2 
0 
+1/2 
+1 
+ 1 1 / 2 
+2 
+2 1 / 2 
+3 
+3 1 / 2 
+4 
SILT 
CLAY 
RUN A 
0.00 
0 • 1 5 
0. 18 
0. 1 8 
0.38 
1 • 1 1 
3 .82 
5. 5 3 
4.68 
3.28 
3.24 
2. 1 3 
65.33 
9 .99 
RUN B 
0. 1 3 
0,07 
0. 1 1 
0.20 
0.33 
1 • 06 
3.66 
5. 39 
4.43 
3.13 
3. 1 5 
2.08 
66.28 
9.98 
AVERAGE 
0.065 
0 • 1 1 
0. 145 
0. 1 9 
0.355 
1.085 
3. 7 4 
5.46 
4,555 
3,205 
3. 19 5 
2. 105 
65 .805 
9 .985 
Table 110: Sample 4-3 Average 
Moment Measures 
05 :+1.438 
016 =+2.50 
025 =+4 .oo 
0 50 = + 5,375 
11175 =+6.75 
0 84 =+7.375 
111 95 =+8.625 
Median • +5.375 
Mean = +5.08 
Sorting= +2,31 
Skewness = -0.138 
Kurtosis = +1,07 
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Figure 108 
Sieve Analysis Graphs for Sample 4-3 Average 
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---·-
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Table 1 1 1 : Sample 4- 4, depth 1 4 ft 
f!.~!! AA RUN AB RUN BA RU!! !!.~ 
--- -
-- --
o.oo 1. 36 1. 4 0 o.oo 
o.oo 0 .2 2 o.oo o.oo 
0.66 1 • 1 2 0.38 0 .56 0.88 0.11 0. 1 3 0.24 
0.68 o. 6 6 0. 5 1 0.49 
0.55 0.46 0.35 0.36 0.24 0.24 0.22 0.22 
0.31 0.26 0.24 0.29 
O. 8 4 0 .13 0. 7 5 0.80 
2 .85 2 .60 2 .66 2. 7 1 
7 • 18 7 • 1 4 7 • 4 6 7. 3 3 11 , 2 2 10.36 10. 6 1 10 .8 0 
11 • 9 2 11 , 07 11. 43 11 • 2 9 
4,97 4 .5 3 4. 8 1 4.44 
46.65 47.48 50. 1 9 51 .58 
1 1 • 05 11 • 00 8. 8 6 8. 8 9 
Table 112: Sample 4-4 Average 
Moment Measures 
05 =+1.625 Median = + 4. 6 25 
015 =+2. 6 25 Mean = + 4 .8 3 
0 25 =+2.75 Sorting = +2.217 
~':1_1',_RAGJ<,. 
0.69 
0.055 
0.68 
0.505 
0.585 
0. 4 3 
0 .2 3 
0.275 
0 .7 8 
2. 7 05 
7.275 
10. 7 5 
11. 4 3 
4,685 
48.975 
9, 9 5 
0 50 :+4.625 Skewness = + O. 1 39 
0 15 =+6.375 Kurtosis = +O. 79 
0 a4 =+7.25 
0 95 :+8 .6 25 
* 
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Figure 109 
Sieve Analysis Graphs for Sample 4-4 Average 
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Table 1 1 3: Sample 4-5, depth 18 ft 
!?.!i!._ C I., A ~~ RUN A RUN B AVERAGE 
-~- - -- - -----
-3 18 • 8 9 17. 1 7 18.03 
-2 1 / 2 5 • 18 5. 9 5 5,565 
-2 2,35 5.64 3 .995 
-1 1 / 2 3 ,5 3 3. 9 1 3. 7 2 
-1 2. 1 8 2.99 2 .585 
-1 / 2 1. 90 1. 89 1. 895 
0 1 • 9 7 1. 89 1. 9 3 
+ 1/ 2 1 • 50 1 • 4 3 1 • 4 6 5 
+1 1. 84 1.69 1.765 
+1 1 / 2 3.38 2.99 3. 18 5 
+2 4. 7 5 4. 2 3 4,49 
+2 1/2 5 .3 3 4. 7 3 5.03 
+3 4.69 4,38 4. 5 35 
+3 1/ 2 4.82 4 .6 4 4. 7 3 
+4 2,27 2.15 2.21 
SI I..T 30 .07 29 ,98 30. 0 25 
CI..AY 5,35 4,34 4. 8 45 
Table 114: Sample 4-5 Average 
Moment Measures 
Ii\ =-3,125 Median = + 2. 125 
0,6 =-3,00 Mean = +1.667 
0 
25 =- 2. 25 Sorting = +3.885 
0 50 =+2.125 Skewness = -0.055 
0 15 :+4,875 Kurtosis = +O. 6 33 
0
a4 =+5.875 
0 95 =+7,875 
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Figure 110 
Sieve Analysis Graphs for Sample 4-5 Average 
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Table 1 1 5 : Sample 4- 6, depth 28 ft 
!'.!!. !. ~~ RUN A RUN B AVERAGE 
--- -
-- -
-----
-2 1 / 2 1 • 5 5 o.oo 0. 7 55 
·- 2 3. 9 2 4 • 1 0 4 • 0 1 
- 1 1 / 2 5.77 3.54 4.655 
-1 5.44 5 .24 5.34 
-1/2 3. 9 1 5 .20 4. 5 55 
0 5. 0 5 5 • 1 2 5.085 
+ 1 / 2 4 • 8 3 4. 9 3 4.88 
+ 1 5.67 6.87 6.77 
+ 1 1 / 2 9.67 9 . 9 9 9. 8 3 
+2 1 1 • 6 0 11. 6 1 11 • 6 05 
+2 1 / 2 13.58 14 • 2 2 1 3 • 9 0 
+3 5 • 3 9 5. 6 1 5. 50 
+3 1 / 2 2.46 2.56 2. 5 1 
+4 0. 9 5 0.92 0. 9 35 
SILT 11. 4 3 11 • 27 11 • 3 5 
CLAY 7.78 8.82 8.30 
Table 116: Sample 4-6 Average 
05 
016 
0 25 
0 50 
0 15 
0 84 
0 95 
Moment Measures 
------
=-2 .00 
=-0.875 
=+0.063 
= + 1. 69 
=+2.813 
=+5.00 
=+8.438 
-------
Median = +1.69 
Mean = +1.94 
Sorting = +3.05 
Skewness = +0.21 
Kurtosis = +0.866 
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Figure 111 
Sieve Analysis Graphs for Sample 4-6 Average 
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Table 1 1 7 : Sample 4-7, depth 39 ft 
f.!:!.!. CL!!.S§ RUN A RUN B AV!]!!Q.! 
--- - -- -
-2 1 / 2 0.00 1 . 4 1 0. 7 05 
-2 2.66 3.56 3 • 1 1 
-1 1 / 2 3. 3 1 3 .68 3.495 
-1 4.46 4.46 4.46 
-1 / 2 4 .29 4.31 4. 30 
0 4.99 5. 1 9 5.09 
+1/2 5.22 5. 35 5.285 
+ 1 7 .52 7.33 7. 425 
+1 1/2 9.29 9. 3 1 9.30 
+2 1 0. 7 1 10.58 10. b 45 
+2 1/2 14 .8 3 14. 32 14.575 
+3 6.55 6. 1 8 6.365 
+3 1 / 2 3.47 3. 18 3.325 
+4 1 .22 1.26 1. 24 
SILT 12.60 12.16 12.38 
CLAY 8.88 7.72 8-30 
Table 118: Sample 4-7 Average 
Moment Measures 
------ --------
05 •-1.813 Median = +1.813 
0,6 =-0.50 Mean = +2.188 
0 25 =+0.313 Sorting = +2 .99 
0 so =+1.813 Skewness = +0.244 
0 15 =+3.00 Kurtosis : +1.563 
0 84 =+5.25 
0 95 =+8.438 
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Figure 112 
Sieve Analysis Graphs for Sample 4-7 Average 
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Table 119: Sample 4-8, depth 67 ft 
!:_HI £!,_AS~ RUN A !!!Ii .!? !!ERAQ.~ 
--
-2 o.oo 0,35 0, 17 5 
-1 1 / 2 0,86 0.87 o.865 
-1 1.37 1.27 1. 32 
-1 / 2 1. 68 1 • 65 1 , 6 65 
0 2.58 2.46 2. 5 2 
+ 1/ 2 2. 9 4 2. 9 1 2,925 
+1 4 ,28 3. 90 4,09 
+1 1 / 2 5,60 5,47 5 .5 35 
+2 8.68 8.59 8. 6 35 
+2 1/2 14. 14 14. 6 2 14,38 
+3 13 • 4 6 14 ,29 13.875 
+3 1/2 9 ,25 9.07 9 • 16 
+4 3.08 3,36 3. 22 
SILT 21 • 0 2 20 .16 20.59 
CLAY 11.06 11.0 3 11.043 
Table 120: Sample 4-8 Average 
l:!2.~t~ !:!~~.::!~~ 
•':, =-0.313 Median = +2,75 
0 16 : + 1. 25 Mean = +3,583 
0 25 =+1.875 Sorting = + 1. 36 
0 
50 :+2.75 Skewness = + O. 3 87 
0 15 =+5,00 Kurtosis = + 1. 18 
0 84 =+6.75 
0 95 =+8.688 
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Figure 113 
Sieve Analysis Graphs for Sample 4-8 Average 
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TEXTURAL ANALYSIS DATA FOR WELL #7 
(Given in Weight Percent) 
Table 1 21 : Sample 7- 1 , depth 2 ft 
,!:!!_!_ g_1=_ AS§ RUN A ~UN ~ ~!'._ERAG§. 
-- -
-2 1 / 2 0.49 o.oo 0.245 
-2 0.00 o.oo o.oo 
-1 1 / 2 o.oo 0.00 o.oo 
- 1 0.03 0.05 0.04 
-1/2 0. 10 0. 1 3 0. 1 15 
0 0.24 0. 2 3 0.235 
+ 1/ 2 0.20 0.24 0.22 
+ 1 0.37 0.34 0,355 
+1 1 / 2 0,54 a.so 0.52 
+2 0.66 0. 6 1 0 .635 
+2 1 / 2 0 .8 3 0 . 8 1 0.82 
+3 1 • 0 1 0.95 0.98 
+3 1 / 2 1 , 20 1. 17 1 • 18 5 
+4 0 .62 o.~e 0.55 
SILT 63.75 63.44 6 3. 59 5 
CLAY 29,96 31. 05 30 .505 
Table 122: Sample 7-1 Average 
Moment Measures 
0 
5 
0 16 
0 25 
0 50 
0 1s 
0 84 
0 95 
=+3.375 
=+5,063 
=+5.688 
=+7.00 
=+7 .938 
=+8.563 
=+9,375 
Median= +7.00 
Mean= +6.875 
Sorting = +1.78 
Skewness = -0.158 
Kurtosis = +1.093 
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ftpre 114 
Sieve Analysis Graphs for Sample 7-1 Average 
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Table 1 2 3: Sample 7 -;~, depth 7 ft 
_El:!_!_ g_!,_AS§ RUN A I!'!.! ~ !!~RA£~ 
--- -
-3 4.09 2.23 3. 1 6 
-2 1 / 2 1 • 4 4 3. 7 4 2.59 
-2 3. 70 2,55 3. 1 25 
- 1 1 / 2 2.58 2.07 2.325 
-1 0.89 1 • 2 2 1 • 0 55 
-1 / 2 1 • 2 6 1.23 1 • 24 5 
0 1. 59 1. 39 1. 49 
+ 1/ 2 1 • 49 1.5 3 1.51 
+1 2. 1 2 2.22 2 .17 
+1 1 / 2 3 .s 3 3.35 3. 4 4 
+2 4.03 4 • 1 0 4.065 
+2 1 / 2 5. 4 1 5. 3 4 5,375 
+3 5. 11 5 • 1 3 5. 1 2 
+3 1 / 2 4.59 4,55 4.57 
+4 1.98 1. 84 1 • 9 1 
SILT 31. 76 33.08 32 .42 
CLAY 24 .4 2 24 .4 4 24. 4 3 
Table 124: Sample 7-2 Average 
Moment Meas.ures 
05 =-2.625 Median = +4.75 
016 =+0.25 Mean = +4.49 
0 
25 =+1.875 Sorting = +3 .83 
0 50 =+4.75 Skewness = -0,175 
0 15 ;+8.00 Kur to sis = +0.795 
0 84 =+8.375 
(il 9 5 =+9.25 
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Figure 115 
Sieve Analysis Graphs for Sample 7-2 Average 
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Table 1 25: Sample 7 - 3, depth 1 2 ft 
!'.!!.!. CLASS RUN A RUN B !Y.fRAGJ,;_ 
---- --- -
-2 1 / 2 0. 9 5 o.oo 0.475 
-2 1 • 2 1 O, 39 0 .80 
-1 1/ 2 0,39 O. 5 3 0.46 
-1 0.57 1.25 0. 9 1 
-1 / 2 1 . 20 0.97 1. 085 
0 1. 5 6 1. 47 1. 515 
+ 1/ 2 1. ljlj 1 • 4 7 1 • 4 55 
+1 2.09 2.24 2. 165 
+1 1 / 2 3.43 3.25 3.34 
+2 4.33 4.29 4. 3 1 
+2 1 / 2 1 • 4 9 5. 8 9 3 .6 9 
+3 6. 1 9 6. 1 4 6. 165 
+3 1 / 2 5.20 5.34 5,27 
+4 2.22 2.05 2.135 
SILT 40.06 35 .90 37. 98 
CLAY 27.67 28 .82 28.245 
Table 126: Sample 7-3 Average 
Moment Measures 
05 = - 0. 125 Median = +5.75 
015 =+1.875 Mean = +5,375 
0 25 =+2.875 Sorting = + 3. 09 6 
0 50 =+ 5. 7 5 Skewness = -0. 20 3 
015 =+7.875 Kurtosis = +O, 7 8 
0 84 =+8.50 
0 95 =+9 .375 
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Figure 116 
Sieve Analysis Graphs for Sample 7-3 Average 
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Table 1 27: Sample 7-4, depth 17 ft 
PHI CLASS !!.!:!ti.. ~ RUN B AVER~Q.'[ 
--- ---- -- -
-2 1 / 2 0. 9 6 o.oo 0.48 
-2 0. 00 0.28 0.14 
- 1 1 / 2 o.oo 0.33 0 . 1 65 
·- 1 0.27 0,09 0. 1 8 
-1/2 0.21 0 • 4 1 0.31 
0 0.24 0.34 0,29 
+ 1 / 2 0.33 0.38 0.355 
+ 1 0.47 0.47 0.47 
+ 1 1 / 2 0.74 0. 7 5 0. 7 45 
+2 O. 9 7 1. 0 1 0.99 
+2 1 / 2 1. 7 3 1. 77 1. 7 5 
+3 3.26 3. 11 3. 185 
+3 1 / 2 5 .2 3 5,37 5.30 
+4 2. 80 2 .6 0 2. 7 0 
SILT 56,35 55,57 55,96 
CLAY 26. 44 27 ,5 2 26.98 
Table 128: Sample 7-4 Average 
~~r;~nt Mea~~~ 
05 =+2.25 Median = +6,375 
016 =+3,75 Mean = +6.21 
0 25 =+4.625 Sor-ting = +2.286 
0 so :+6,375 Skewness = -0.174 
0 1s •+8.063 Kurtosis = +0.864 
0 a4 =+8.50 
0 95 =+9.50 
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Figure 117 
Sieve Analysis Graphs for Sample 7-4 Average 
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Table 129: Sample 7- 5, depth 23 ft 
!:!.!.!. CLAS~ RUN A !!!!.I! ~ !!!!.I! g_ AVERAGE 
-----
-1 0.07 0.06 0.06 0. 06 3 
-1/2 0. 1 6 0, 1 2 0. 1 7 0. 1 5 
0 0 • 1 3 0 • 1 6 0.35 0.21 
+1/2 0.29 0.65 0.65 0. 5 3 
+1 1 • 0 4 2 .o 3 1.85 1. 64 
+1 1 / 2 3,50 3. 9 0 5. 1 6 4. 1 9 
+2 12.05 13 • 0 4 13 • 9 9 1 3. 0 3 
+2 1 / 2 25.07 24.63 22. 62 24 • 11 
+3 19, 09 18. 1 9 14 • 8 1 17 ,36 
+3 1 / 2 9 .8 0 9.40 7 , 4 1 8.87 
+4 3.21 3 • 0 1 2. 1 1 2.78 
SILT 16 • 7 3 15. 9 5 19. 7 4 17 • 4 7 
CLAY 8.86 8.86 11 • 08 9,60 
Table 130: Sample 7-5 Average 
!f~!!!.~nt ~sures 
05 =+1.375 Median = +2. 75 
016 =+1.875 Mean = + 3. 6 25 
0 25 =+2. 125 Sorting = +2. 17 
0 50 =+2.75 Skewness = +0.61 
0 
75 =+4,375 Kurtosis = + 1.30 
0 84 =+6 .25 
0 95 =+8.50 
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Figure 118 
Sieve Analysis Graphs for Sample 7-5 Average 
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Table 1 31 : Sample 7-7, depth 37 ft 
f!!.I f!:_AS~ J!UN ! RUN B AVERAGE 
-- -
-3 2.87 o.oo 1 • 4 35 
-2 1 / 2 o.oo o.oo o.oo 
-2 0.39 1. 16 0.775 
-1 1 / 2 0 .85 0 .·4 9 0.67 
- 1 0. 4 4 0 .86 0.65 
• 1 / 2 1 ., 7 ~ 1.80 1. 77 
0 3. 6 2 4.27 3 .9 45 
+ 1/ 2 5.82 6. 1 0 5. 9 6 
+1 11 -39 12.81 1 2. 1 0 
+1 1 / 2 12.26 12,57 12.~15 
+2 10.40 10. 7 8 10.59 
+2 1/2 11.97 12. 4 1 12.19 
+3 11.24 11. 7 3 11.485 
+3 1 / 2 7.52 8 • 18 7.86 
+4 2.28 2.41 2,345 
SILT 9.45 1.11 8. 6 1 
CLAY 7 • 7 4 6 .66 1.20 
Table 132: Sample 7-7 Average 
Moment Measures 
0 5 =-0. 6 25 
016 =+0.563 
0 
25 =+0.875 
050 :+1.875 
075 =+3,125 
084 =+3.94 
095 =+8.25 
Median = + 1.875 
Mean = +2.126 
Sorting= +2.19 
Skewness= +0.33 
Kurtosis= +1.62 
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Figure 119 
Sieve Analysis Graphs for Sample 7-7 Average 
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Table 1 33: Sample 7-8, depth 43 ft 
PHI CLASS RUii A RUN B AVERAGE 
--- --- --- - -- - ------
-2 1 / 2 0 .oo 4. 9 4 2.47 
-2 3.05 2 .82 2.935 
-1 1 / 2 2.46 1.66 2.06 
-1 2 .9 4 2.33 2. 6 35 
-1/2 2. 5 4 3.08 2.81 
0 3.58 3. 9 5 3.765 
+1/ 2 4.05 4. 4 1 4 .2 3 
+1 5. 9 5 6.21 6.08 
+1 1/2 9 • 16 9,24 9.20 
+2 9.54 9.38 9.46 
+2 1 / 2 12.32 11 • 59 11,955 
+3 11. 1 2 10.20 10 .66 
+3 1 / 2 8 • 5 1 7.60 8.055 
+4 3.05 2,53 2.79 
SILT 15 • 1 0 13 , 4 1 14,255 
CLAY 6.63 6.65 6.64 
Table 134: Sample 7-8 Average 
Moment~~~"!. 
05 =-2.375 Median = +2. 19 
016 =-0 .25 Mean = +2. 31 
0 25 =+0.875 Sorting = +2 .92 
0 50 :+2.19 Skewness = +0.106 
0 75 =+3.375 Ku!'tosis = +1,742 
0 84 :+5.00 
0 95 :+8.25 
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Figure 120 
Sieve Analysis Graphs for Sample 7-8 Average 
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PHI CLASS 
----
-2 1 / 2 
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Table 1 35: Sample 7-9, depth 55 ft 
RUN AA !!!!~ AB RUN BA RUN BB AVERAGE 
--- - -- -- --- -- -----
2.00 1. 3 3 2.38 0.00 1. 4 3 
0 .40 0.29 3. 1 1 1 • 4 8 1. 32 
1 . 1 3 1.3 3 3. 9 5 2.65 2,27 
1.89 2.46 4.38 4.06 3.20 
2.09 2, 5 3 4.13 3,75 3. 1 25 
3 .8 4 4.28 4 .82 5.47 4. 6 0 
4. 46 5,26 5,22 6.03 5. 2 4 
6.48 6, 9 7 7. 4 2 8.59 7,365 
9,24 9 • 19 8.60 9,76 9.20 
9. 5 4 9,50 8 .5 3 9,62 9.30 
1 0 , 9 9 10,72 10.46 11.32 10.87 
10.79 10. 5 2 8.68 9,62 9 ,9 0 
8,57 8.28 5.66 5 .52 7,01 
2.84 2. 7 3 1 , 6 0 1.66 2.21 
16.86 15. 7 3 12. 1 7 11 , 6 4 14 . 1 0 
8 .88 8.88 8 .8 9 8.83 8.87 
Table 136: Sample 7-9 Average 
Moment Measures 
05 =-1.50 Median = + 2. 1 25 
0,6 =0.00 Mean = +2,58 
0 25 =+0,75 Sorting = +2 ,94 
0 50 =+2. 1 25 Skewness = +0.264 
0 15 =+3,50 Kurtosis = + 1 • 50 9 
0 84 =+ 5. 625 
0 95 =+8.625 
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Figure 121 
Sieve Analysis Graphs for Sample 7-9 Average 
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Table 1 37: Sample 7-10, depth 75 ft 
PHI CLASS RUN ! RUN B AVERAGE 
--- --- -- -
-2 1 / 2 1. 04 o.oo 0 ,52 
-2 1 • 1 1 1 • 3 1 1 • 2 1 
-1 1 / 2 2.22 1 • 7 9 2,005 
-1 2.39 2.28 2. 3 35 
-1/2 3,37 2. 9 5 3. 1 6 
0 5,45 5,07 5,26 
+ 1/ 2 7,31 7,29 7,30 
+1 10,77 10 • 1 4 10 .455 
+1 1/2 10 , 20 10.08 10 . 1 4 
+2 8.29 8.57 8.43 
+2 1 / 2 8.76 9,52 9 • 14 
+3 7 • 3 1 8.62 7 .9 65 
+3 1 / 2 5,72 6.40 6.06 
+4 2.08 2.28 2, 18 
SILT 15 , 1 1 1 4 • 8 4 14,975 
CLAY 8.87 8. 8 5 8 .865 
. Table 138: Sample 7-10 Average 
~2.~ ~~!:.!!!. 
'\ = -1. 25 Median = + 1.9 4 
"16 =+0,125 Mean = +2 ,5 6 
0 25 =+0.625 Sorting = +2 .84 
0so =+1.94 Skewness = +O ,3 4 
015 =+3,75 Kurtosls = + 1.28 
0 a4 =+5.625 
0 95 =+8.50 
0 
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Figure 122 
Sieve Analysis Graphs for Sample 7-10 Average 
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Table 1 39: Sample 7- 11 , depth 78 ft 
fHI 'e_!,_AS§ RUN A !!.!!.!! ~ !'!~RAG! 
--- -
-3 0.00 0. 70 0.35 
-2 1 / 2 o.oo o.oo 0.00 
-2 1 , 0 0 0 .6 3 0.815 
-1 1 / 2 o.a8 0.79 0 .835 
-1 1 • 0 0 1.9 4 1 • 4 7 
-1 / 2 1.67 1. 93 1.80 
0 3.09 2 .9 4 3.015 
+ 1/ 2 4 • 1 3 3.87 4.00 
+1 7. 7 3 6.34 7. 035 
+ 1 1 / 2 10.30 8.57 9. 4 35 
+2 8 .9 6 7, 1 0 a.03 
+2 1/2 7, 7 4 6.08 6. 9 1 
+3 5.48 4.45 4 .9 65 
+3 1 / 2 3.88 3.56 3. 7 2 
+4 1. 47 1. 5 1 1. 49 
SILT 31. 75 36.45 34. 1 0 
CLAY 10 • 9 2 13. 14 12. 0 3 
Table 140: Sample 7-11 Average 
Moment Measures 
0 5 =- 0, 6 25 
0 16 =+0.75 
0 
25 :+1.25 
0 50 =+3.125 
075 :+6.125 
0 a4 =+7,325 
095 =+8.74 
Median = +3,125 
Mean = +3,73 
Sorting = +3.06 
Skewness = +0.24 
Kurtosis = +0.79 
~~' 
-
ii< 
-~ 
',::, 
12 
11 
10 
9 
l:l 
7 
6 
5 
0 4 
3 
2 
0 
-1 
-2 
-3 
-4 
308 
Figure 123 
Sieve Analysis Graphs for Sample 7-11 Average 
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TEXTURAL ANALYSIS DATA FOR WELL #8 
(Given in Weight Percent) 
Table 1 4 1 : Sample 8- 1 , depth 2 ft 
PHI CLASS RUN A RU[~ AVERAGE 
---- -~--- -- - -----
-2 1 / 2 1. 15 o.oo 0.575 
-2 0. 7 3 2. 1 9 1 • 4 6 
-1 1 / 2 0. 5 3 0. 6 2 0.575 
-1 1. 7 3 1. 7 3 1. 7 3 
-1 / 2 1. 39 1 • 4 7 1. 4 3 
0 2. 0 1 2 .30 2. 155 
+ 1/ 2 2.39 2.32 2.355 
+1 3. 6 7 3.76 3, 7 15 
+1 1 / 2 5.42 5. 6 0 5.51 
+2 6.24 6.37 6.305 
... 2 1/2 1.22 7 • 1 0 7. 1 6 
+3 6. 9 5 6. 9 5 6.95 
... 3 1 / 2 6 • 49 6.24 6. 365 
.,.4 2.28 2.35 2. 3 15 
SILT 30. 7 7 29. 98 30 .375 
CLAY 21 • 0 3 21 .02 21 • 0 25 
Table 142: Sample 8-1 Average 
Moment Measures 
0 
5 
0,5 
0 25 
0 50 
0 1s 
0 a4 
0 95 
=-0.75 
=+1.19 
=+1.875 
:+4.125 
=+7.375 
:+8.25 
=+9.125 
Median= +4.125 
Mean= +4.52 
Sorting= +3.26 
Skewness= +0,091 
Kurtosis : +0.736 
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figure 124 
Sieve Analysis Graphs for Sample 8-1 Average 
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Table 143: Sample 8- 2, depth 6 ft 
E!!!. g_~AS~ RUN A RUN B AVERAGE 
- 1 1 / 2 o":°15 -0:-20 0~75-
-1 0.40 0.32 0 .36 
-1/ 2 0. 46 0.44 0.45 
0 0.46 0.48 0.47 
+ 1/ 2 0.62 a.so 0 .5 6 
+1 1. 08 0 .90 0 .99 
+1 1/2 3. 19 2 .9 6 3 .075 
+2 6.22 5,77 5.995 
+2 1/2 6.99 6.69 6. 8 4 
+3 5.45 5. 4 2 5.435 
+3 1 / 2 5. 7 8 5.77 5.775 
+4 2.50 2. 8 3 2.665 
SILT 52. 4 3 5 2 .37 52 .4 0 
CLAY 14 • 27 15. 35 14.81 
Table 144: Sample 8-2 Average 
ti~~r,J;_ ~~ as u!:~~ 
05 =+1.375 Median 
= 
+5, 19 
0,6 =+ 2 .25 ·Mean 
= +5.105 
0 25 =+3.06 Sorting = +2.543 
0 50 =+5.19 Skewness = -0.033 
0 
75 =+7.00 Kurtosis = +O. 78 
0 84 :+7 .875 
0 95 :+8.875 
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Figure 12.5 
Sieve Analysis Graphs for Sample 8-3 Average 
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Table 145: Sample 8- 3, depth 18 ft 
!:'._HI C:_!,_AS§_ RUN A li!!.! ~ AVERAGE 
-- -
-3 1 / 2 6 .82 6 .90 6.86 
-3 5. 46 o.oo 2. 7 3 
-2 1 / 2 J. 38 0.46 0 .92 
-2 0.35 o.88 0.615 
-1 1 / 2 0.39 0 .52 0.455 
-1 0.24 0.59 0.415 
-1 / 2 0.35 0.46 0 .405 
0 0.37 0.35 0 .36 
+1/ 2 0.57 0. 7 0 O. 6 35 
+ 1 1 • 7 1 1 • 9 0 1. 805 
+1 1 / 2 6.49 6,95 6. 7 2 
+2 10.85 11 • 9 0 11. 37 5 
+2 1 / 2 10,61 11 • 28 10. 9 45 
+3 7.52 8.00 7. 76 
+3 1 / 2 5, 7 2 6 • 1 1 5.915 
+4 2.06 2 ,5 2 2.29 
S!LT 12.80 14 • 1 9 13.495 
CLAY 26 .31 26.29 26,30 
Table 146: Sample 8-3 Average 
Moment Measures 
"s =-3,56 Median = +2.81 
0 16 =+1.06 Mean = + 4. 1 0 
0 25 =+1.525 Sorting = +3.795 
0
so =+2.81 Skewness = +0.268 
0 15 =+8.06 Kurtosis = +0.82 
0 s4 =+8.44 
0 95 =+9,31 
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Figure 126 
Sieve Analysis Graphs for Sample S-.3 Av~rage 
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TEXTURAL ANALYSIS DATA FOR WELL #10 
(Given in Weight Percent) 
Table 14 7: Sample 10-1, ctep th 6 ft 
f!!!. £~AS!:! RU[ ! RUN B AVERAG~ 
-- -
-2 1/2 0.65 o.oo 0.325 
-2 1 • 4 1 o.48 0 .9 45 
-1 1 / 2 0 .8 4 0.55 0.695 
-1 O. 9 5 0 .9 2 O .9 35 
-1 / 2 0. 7 3 1.05 O. 8 9 
0 1 • 1 8 1. 26 1 • 2 2 
+1/2 1. 26 1. 62 1 • 4 4 
+1 o.4o 2,69 1 • 5 ll5 
+1 1 / 2 5.25 5.59 5. 42 
+2 7.60 8.00 7.80 
+2 1 / 2 10.22 10. 9 2 10.57 
+3 10, 1 8 10. 7 5 10.ll65 
+3 1 / 2 9.87 11 , 09 10.48 
+4 4.28 4, 70 4.49 
SILT 31 • 5 3 24.63 28.08 
CLAY 1 3, 65 15 • 7 5 ,ii.70 
Table 1ll8: Sample 10-1 Average 
~"'-'!!~!!.!:. !!~~~!:~ 
0 
5 :0.00 Median = +3.375 
016 =+1.688 Mean = +4 .27 
0 25 =+2.25 Sorting = +2 .86 
0 50 =+3,375 Skewness = +0.3ll 
0 15 =+6.50 Kur to sis = +0.856 
0 84 =+ 7, 7 5 
0 95 :+8.875 
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Figure 127 
Sieve Analysis Graphs for Sample 10-1 Average 
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Table 149: Sample 10-2, depth 1 3 ft 
fl!.!. C L !§~ I!.!!! ! I!.!!! ~ AVERAGE 
-----
-3 4.24 1 , 25 2. 7 45 
-2 1/2 2.88 1. 07 1. 9 75 
-2 3. 17 3. 5 3 3,35 
-1 1/2 4 • 1 2 4. 8 0 4.46 
-1 3,79 4.16 3,975 
-1/2 2,52 2.68 2. 6 O 
0 2. 9 5 2 ,9 5 2 ,95 
+ 1/ 2 2 ,9 4 3.21 3.105 
+1 4. 49 4. 9 0 4,695 
+ 1 1 / 2 1.63 8. 1 3 7,88 
+2 8.72 9 , 3 4 9.03 
+2 1 / 2 8. 66 8 ,9 4 8.80 
+3 5,92 5 .8 4 5 .88 
+3 1 / 2 4.00 3. 9 0 3 .9 5 
+4 1. 36 1. 21 1 • 28 5 
SILT 9. 7 3 11. 2 1 10.47 
CLAY 22.88 22 .82 22. 8 5 
Table 150: Sample 10-2 Average 
Moment Meas.ures 
05 =-2.438 
016 =-1.053 
0 
25 
0 50 
=+0.50 
:+2.188 
075 =+7.00 
lll54 :+8.313 
lll95 :+9.188 
Median= +2.188 
Mean = +3,146 
Sorting= +4,105 
Skewness = +0,256 
Kurtosis = +0,733 
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Figure 128 
Sieve Analysis Graphs for Sample 10-2 Average 
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Table 15 1: Sample 1 0 - 3, depth 1 8 ft 
PHI CLASS HUN A !rn.!! !! AVEHAGE -- ----
-- -
-3 1 • 24 2. 3 2 1 • 7 8 
-2 1 / 2 2. 85 4 . 1 1 3.48 
-2 1 • 81 1 , 6 3 1. 7 2 
-1 1 / 2 3 .6 7 2.02 2.845 
- 1 2.78 2.30 2.54 
-1/2 2.48 2,24 2.36 
0 2.65 2.66 2.655 
+ 1/ 2 2.33 2.39 2.36 
+1 3,30 3 ,22 3.26 
+1 1 / 2 5 .27 5. 1 1 5. 1 9 
+2 6. 02 6.01 6.015 
+2 1 / 2 6.95 6,77 6.86 
+3 6.04 5 ,9 2 5. 98 
+3 1 / 2 5.09 5.03 5,06 
+4 2.09 2.07 2.08 
SILT 21 , 69 21 , 7 0 21,695 
CLAY 2 3. 7 4 24.50 24 • 1 2 
Table 152: Sample 10-3 Average 
Moment Measures 
05 =-2 .563 Median = + 3 ,25 
016 =/-,0.25 Mean = + 3. 79 
0 
25 =+ 1. 25 Sorting = +3.946 
0 50 =+3,25 Skewness = +O .9 5 
0 1s =+8.00 Kurtosis = +0.717 
0 a11 :+8,375 
0 95 =+ 9 .25 
. , 
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Figure 129 
Sieve Analysis Graphs for Sample 10-3 Average 
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Table 15 3: Sample 10-4, 21 ft 
f.HI g_~A SS RUN A RUN B 
~RAG! 
-- - --- -
-3 1 / 2 o.oo 7.74 3.87 
-3 o.oo 0.00 o.oo 
-2 1/2 2.41 2.84 2. 625 
-2 1 • 24 1. 56 1 • 4 0 
- 1 1 / 2 2.65 3.00 2.825 
- 1 5.43 4.03 4. 7 3 
-1/2 1.39 4.68 6. 0 35 
a 11 • 5 0 7 .8 3 9.665 
+ 1/ 2 1 1 • 9 3 9.20 10.565 
+1 1 3 • 9 3 11. 77 12. 8 5 
+1 1 / 2 12, 26 11 , 4 4 11. 85 
+2 7,33 7,30 7.315 
+2 1/2 4 .8 3 5.09 4. 9 6 
+3 2.67 2. 9 6 2.815 
+3 1 / 2 1. 65 2. 11 1.88 
+4 0. 62 0. 70 0.66 
SILT 2. 1 2 4. 9 0 3. 5 1 
CLAY 12.04 12 .8 5 12. 4 45 
Table 154: Sample 10-4 Average 
Moment Measures 
05 :c-3.00 Median = +0.75 
I 
' 
016 =-1. 00 Mean = + 1. 17 
0 25 =-0.375 Sorting = +2.97 
0 50 :+0.75 Skewness = +O .3 1 
0 1s =+2.125 Kurtosis : + 1.9 3 
0 84 =+3,75 
0 95 =+ll. 75 
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Figure 130 
Sieve Analysis Graphs for Sample 10-4 Average 
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Table 155: Sample 10- 5, depth 35 ft 
PHI CLASS RUN A !l.',!!'!. ~ AVERAGE 
-- --- -- -
-----
-3 1.26 1. 70 1.48 
-2 1/2 o.oo o.oo 0.00 
-2 0.54 1 • 20 0 .87 
-1 1/2 1. 60 1.08 1. 34 
- 1 2.00 1. 77 1.885 
-1/2 1.48 1. 98 1. 7 3 
0 2.46 2.99 2. 7 25 
+ 1 / 2 3.37 3, 75 3.56 
+ 1 6.54 6.82 6.68 
+1 1/2 9,22 8 .85 9. 0 35 
+2 8.93 7.60 8.265 
+2 1/2 6.45 5.28 5. 8 65 
+3 3.62 3,02 3.32 
+3 1 / 2 2,60 2. 5 3 2,565 
+4 1 • 1 1 o.85 0.98 
SILT 42.67 40.87 41. 77 
CLAY 6 • 15 9. 7 1 7 .9 3 
Table 156: Sample 10-5 Average 
)!~~!!_~ l':!~~SU~! 
05 =-1.188 Median = +3.75 
016 =+0.688 Mean = +3. 7 3 
0 
25 =+1.25 Sorting = + 2. 9 55 
0 50 =+ 3. 7 5 Skewness = - 0. 0 25 
0 15 =+5.875 Kurtosis = +0.842 
0 a4 :+6.75 
0 95 :+8.313 
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Figure 131 
Sieve Analysis Graphs for Sample 10-S Average 
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TEXTURAL ANALYSIS DATA FOR WELL #11 
(Given in Weight Percent) 
Table 157: Sample 11 - 1 , depth 10 ft 
~!:f.!_ g_!: ASS RUN A 
-- -
!!.!11! !! AV~RAGE 
-2 1 • 26 o.oo 0 .6 3 
-1 1 / 2 1. 37 O. 7 3 1.05 
- 1 1. 87 O. 7 3 1. 30 
-1 / 2 1 . 48 0.84 1 • 1 6 
0 2. 18 1. 02 1 , 6 0 
+ 1/ 2 2. 11 1 • 06 1 • 5 8 5 
+1 2.13 1.57 2. 1 5 
+1 1 / 2 3.24 2.39 2.815 
+2 3. 8 3 3,50 3.665 
+2 1 / 2 5,57 5,22 5,395 
+3 5.64 5,77 5. 705 
+3 1/2 5.33 5.60 5,465 
+ 4 1. 9 4 2.61 2. 27 5 SILT 40.53 4 4 .6 3 4 2. 5 8 
CLAY 20 ,9 2 24. 3 3 2 2. 6 25 
Table 158: Sample 11-1 Average 
Moment Measures 
05 =-0.25 
016 =+2.00 
025 =+2.813 
050 =+5,375 
075 =+7,75 
084 :+8,313 
095 =+9, 188 
Median = +5,375 
Mean = + 5 .2 3 
Sorting= +3.01 
Skewness= -0.13 
Kurtosis = +0.873 
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Figure 132 
Sieve Analysis Graphs for Sample 11-1 Average 
45 
40 
35 
30 
~ 25 
-3: 20 
15 
10 
5 
-2 -1 
; 
/ , 
·---
/ 
,,. / 
0.1 1 10 
,. 
0 +1 2 
0 
/ 
; 
/ 
_,. 
_,. 
30 50 70 
cum.% 
3 4 I- ~ ...I 
.; ...I u 
90 99 99.9 
327 
TEXTURAL ANALYSIS DATA FOR WELL #18 
(Given in Weight Percent) 
Table 159: Sample 1 8-1 , depth 6 ft 
f!f!'. CLASS RUN A RU[ _!! RUN C ~~RA~~ 
--- -
-4 26.40 35. 5 1 19 • 24 27.05 
-3 1 / 2 o.oo o.oo o.oo o.oo 
-3 4.85 5. 1 6 4. 1 5 4. 7 2 
-2 1 / 2 1.60 0.47 2.30 1 • 457 
-2 1 • 7 6 0. 7 4 2,47 1.657 
-1 1 / 2 1. 18 0.65 0. 8 1 0.88 
- 1 1 • 07 o. 7 6 1. 48 1.10 3 
-1/2 1. 19 0. 9 5 1. 29 1. 14 3 0 1.26 1 , 1 1 1 • 6 8 1. 35 + 1 / 2 1. 36 1. 20 1.55 1.37 
+1 1. 9 1 1. 66 2. 1 3 1.90 
+1 1 / 2 2.11 2. 6 3 3,39 2. 9 3 +2 3.49 3.32 4 • 11 3.64 
+2 1 / 2 4. 65 4.46 5.45 4.853 
+3 4,55 4.41 5.37 4,777 
+3 1 / 2 4. 16 3.79 4.61 4 • 1 8 
+4' 1. 5 1 1 • 4 7 1. 85 1. 6 1 SILT 23 .7 0 20. 6 ~ 25 .22 23. 19 CLAY 12.59 11. 08 12. 9 0 12. 1 9 
Table 160: Sample 18-1 Average 
Mo!'!~'!!;. !i~~!:~~ 
05 =-4.438 Median = +2.063 
0 ,i:i =-4.125 Mean = + 1 • 69 
0 25 =-4.00 Sorting = +4.91 
0 50 =+2.063 Skewness = -0.018 
0 15 =+ 5. 50 Kur-to sis = +O. 60 
0 a4 =+7.125 
0 95 =+9.438 
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Figure 133 
Sieve Analysis Graphs for Sample 18-1 Average 
30 
;;,'! 25 
20 
-:!: 15 
10 
5 
' -4 -3 
-2 -1 0 +1 2 3 4 t- ~ _, _, 
0 "' (J 
12 
11 
10 
9 
8 
./ 7 6 5 0 4 
I 3 1· 
2 I , 
1 I f 0 ! 
-1 I 
-2 I l 
-3 ( 
-4 
0.1 1 10 30 50 70 90 99 99.9 
cum % 
I 
329 
Table 1 6 1 : Sample 1 8- 2, depth 16 ft 
f!!.!. CLAS2 RUN! RUN B !Y.~!f!! 
-- -
-4 1 / 2 1 7. 6 7 o.oa 8. 8 35 
-4 o.oo 23.30 11 • 6 5 
-3 1/2 o.oo 0.00 0.00 
-3 o.oo 7.87 3. 9 35 
-2 1/ 2 3.63 2,78 3.205 
-2 o.87 1. 32 1 • 09 5 
-1 1/2 1 • 21 1 • 14 1.17 5 
-1 1 , 4 9 1 • 5 6 1. 5 25 
-1/2 1. 32 1.45 1 • 38 5 
0 1.8 3 1.90 1 • 8 65 
+1/2 2. 1 0 2. 1 9 2 .145 
+1 3 • 1 8 3.06 3. 1 2 
+1 1 / 2 5.37 4. 9 5 5,16 
+2 9, 39 8.20 8. 79 5 
+2 1 / 2 13,09 11. 21 1 2. 1 5 
+3 8.56 6.56 7. 475 
+3 1 / 2 4,39 3.47 3 ,9 3 
+4 1 , 3 2 0.90 1 , 1 1 
SILT 15.86 10. 25 13.055 
CLAY 8.89 7.89 8.39 
Table 162: Sample 18-2 Average 
MO!!'_~E_~ !:!_~i:_~,!. 
"5 =-4.813 Median = + 1. 7 5 
0,6 =-4,313 Mean = + O. 8 33 
lil 25 =- 3 .875 Sorting = +4,35 
0 so =+ 1. 7 5 Skewness = + o. a 38 
0 15 =+2.875 Kurtosis = +0.80 
0 s11 =+5.063 
0 95 =+8.438 
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Figure 134 
Sieve Analysis Graphs for Sample 18-2 Average 
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Table 1 6 3: Sample 1 8- 3, depth 27 ft 
f.!!!. £!:.!§§ RUN A RUN B AVERAGE 
-- - -- -
-3 3.28 2.56 2.92 
-2 1 / 2 5.00 3. 7 2 4 • 3 5 
-2 2. 7 8 5.27 4 .025 
- 1 1 / 2 3.70 2. 9 4 3.32 
-1 5.28 4.80 5.04 
-1/2 3 • 4 1 2. 8 6 3,135 
0 3 .9 8 3.48 3. 7 3 
+ 1 / 2 3. 7 0 3,48 3.59 
+1 4. 9 0 4.77 4,835 
+1 1/2 8.28 8.21 8.245 
+2 10.55 10, 3 1 10.43 
+2 1 / 2 12.03 12. 29 1 2. 16 
+3 8.33 8.20 8.265 
+3 1 / 2 3.98 4.07 4 .025 
+4 1. 06 1.09 1. 07 5 
SILT 12.92 15.89 14.405 
CLAY 6.82 6.05 5. 4 4 
Table 164: Sample 18-3 Average 
Moment Measures 
0 5 =-2.75 Median 
" 
+ 1. 87 5 
0 16 =-1.375 Mean = + 1. 83 
0 
25 :-0.25 Sorting = +3 .26 
0 50 ,, ... 1.875 Skewness = +0.07 
0 15 =+3,125 Kurtosis = + 1. 3 36 
0 a4 =+5.00 
0 95 :+8.25 
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Figure 135 
Sieve Analysis Graphs for Sample 18-3 Average 
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Table 165: Sample 18-4, depth 40 ft 
!'.!!!. f.!:_ASS RUN A !!Y.!! !! RUN' C AVERAGE 
-- - -----
-3 3. 70 2.02 3.45 3.057 
-2 1 / 2 2. 14 1. 78 0.40 1 • 4 4 
-2 0.45 0 .5 4 0.35 0.477 
-1 1 / 2 1.38 1. 46 0. 5 4 1 • 1 27 
-1 1. 07 1. 28 1. 3 1 1 • 2 2 
-1/2 1 • 5 2 1 • 4 1 1 • 4 1 1 • 4 4 7 
0 1.95 2.22 2.24 2.137 
+1/2 2. 9 5 3. 1 2 2.98 3.017 
+1 6.00 6. 1 3 6.05 6,06 
+1 1 / 2 11 • 2 3 9,37 11 • 2 1 10.603 
+2 14.07 14. 4 1 14. 1 8 14 • 22 
+2 1/2 1 4 , 3 9 11/ .49 15.04 14.64 
+3 10.43 10. 8 5 10.66 10.647 
+3 1 / 2 6. 9 6 7.44 7,48 7,293 
+4 2.28 2. 13 2,69 2,367 
SILT 14 • 1 2 1 6 • 8 5 14 • 1 3 15 .031 
CLAY 5.36 4.50 5,88 5 .247 
Table 166: Sample 18-4 Average 
Moment Measures 
0 5 =-2.063 Median = +2.188 
"1s =+0.688 Mean = +2 .58 
0 
25 =+ 1. 25 Sorting = +2,58 
0 so =+2.188 Skewness = +0.222 
0 1s =+3.313 Kurtosis = + 2. 0 1 
0 a4 :+lL875 
0 95 :+8.063 
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Figure 136 
Sieve Analysis Graphs for Sample 18-4 Average 
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TEXTURAL ANALYSIS DATA FOR WELL #27 
(Given in Weight Percent) 
Table 1 6 7: Sample 27-1, depth 7 ft 
f!!! ~ASS RUN A RUN B AVERAGE 
-- - --- - -----
-3 7.50 6. O 3 6.765 
-2 1/ 2 2.06 1. 34 1. 70 
-2 2.69 2. 7 1 2. 70 
- 1 1/ 2 1.96 3.26 2.61 
-1 3.69 5. 1 0 4.395 
-1/ 2 5.03 6. 1 0 5.565 
0 7.45 8.54 7.995 
+1/2 8.23 8.53 8.38 
+1 10.09 9. 7 0 9.895 
+1 1 / 2 10.68 9.87 10.275 
+2 10.49 8.69 9.59 
+2 1 / 2 9.08 7.68 8.38 
+3 4 .6 3 4 . 1 1 4.37 
+3 1/2 2.66 2.54 2 .60 
+4 0.79 0 .8 O 0. 79 5 
SILT 7.43 8.48 7.955 
CLAY 5.54 6.52 6,03 
Table 168: Sample 27-1 Average 
Moment Measures 
05 =-3.00 Median = + 1. 00 
016 =-1.25 Mean = + 1. 00 
0 25 =-0.375 Sorting = +2 .82 
0 50 =+ 1. 00 Skewness = +0. 14 
0 15 =+2,25 Kurtosis = + 1, 75 
0 s4 =+3.25 
0 95 =+8. 19 
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Figure 137· 
Sieve Analysis Graphs far Sample 27-1 Average 
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Table 1 69: Sample 27- 2, depth 9 !'t 
PHI CLASS RU! ~ RUN B AV!RAGE 
-~ ~----
--- -
-4 15 • 7 0 o.oo 7,85 
-3 1 / 2 o.oo 11 • 5 8 5.79 
-3 3,34 o.oo 1.67 
-2 1 / 2 o.oo 2 .66 1. 33 
-2 2.04 1.97 2.005 
-1 1 / 2 2,54 2. 5 1 2 .525 
-1 4 • 1 1 4.46 4.285 
-1 / 2 4. 8 3 6. 1 8 5.505 
0 8 .o 3 8.72 8.375 
+ 1 / 2 8.79 9. 5 3 9 . 16 
+1 11. 78 12.77 12. 27 5 
+1 1 / 2 11. 9 3 12,56 12.2'+5 
+2 7 • 1 6 7. 7 2 7. 4 4 
+2 1 / 2 3.70 3.84 3.77 
+3 1.57 1.57 1. 57 
+3 1 / 2 0.86 o.85 o .855 
+4 0.28 0.26 0.21 
SILT 7.98 7. 6 3 7,805 
CLAY 5.36 5,19 5.275 
Table 170: Sample 27-2 Average 
t:12-~'=!l~ ~~!!.:!J!!:~~ 
05 =-4.25 Median = +0.50 
0 
16 =-2.75 Mean = +0.063 
0 25 =-1.00 Sorting = +3.163 
0 50 =+0.50 Skewness = -0.012 
0 1s =+1.625 Kurtosis = + 1. 92 
0 a4 =+2.438 
0 95 =+8.063 
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Figure 138 
Sieve Analysis Graphs for Sample 27-2 Average 
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Table 1 7 1 : Sample 27-3, depth 10 ft 
PHI CLASS RUN A RUN a AVERAGE 
-- - --- -
-3 112 4 • 6 0 o.oo 2. 305 
-3 3 .88 3. 99 3.935 
-2 1/2 1. 55 4. 4 1 2.98 
-2 2. 8 6 2.78 2.82 
-1 1 / 2 4 .o 3 3 ,85 3.94 
-1 7,55 7 • 1 5 7.35 
-1 / 2 7.06 1.29 7. 17 5 
0 9.57 9 • 6 1 9. 59 
+ 1/ 2 9,30 9.36 9.33 
... 1 10.22 10.22 10.22 
... 1 1 / 2 8. 6 3 8.97 8.80 
+2 5,29 5,01 5 , 1 5 
+2 1 / 2 2, 9 1 2.82 2.865 
+3 1. 34 1 • 32 1 , 3 3 
+3 1 / 2 0 .8 4 0 .85 o. 8 45 
+4 0. 27 0.29 0,28 
SI LT 1 2. 0 1 13.57 12.79 
CLAY 8.08 8.51 8 .29 5 
Table 172: Sample 27-3 Average 
Moment Measures 
05 =-3.125 Median = +O. 50 
0,6 =-1.50 Mean = + 1. 4 2 
Ql 25 =-0.875 Sorting = +4.23 
Ql 50 :+0.50 Skewness = +0.39 
0 15 =+2,313 Kurtosis = + 1. 49 
0 a4 =+5.25 
0 95 =+8.44 
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Figure 139 
Sieve Analysis Graphs for Sample 27-3 Average 
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Appendix n 
STRATIGRAPHIC COLUMNS 
KEY 
3:::f:f:f~ loam, clay loam, silt loam, 
i=:=:=::=::::: silty clay loam 
sand, sandy loam, loamy sand 
gravelly sandy foam, gravelly 
clay loam, gravelly sandy 
clay loam, gravelly loamy 
sand 
:;}{/} loamy gravel, sandy loam 
/;:\F:.:: grave I 
piezometer with screened 
interval at the bottom 
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Figure 140. Stratigraphic ColUIIUI. for Piezometer Site #1 
t.n,,..,..:::,r--Ground Elevation@ 1551.43 ft. 
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Figure 141. Stratigraphic Column for Piezometer Site #2 
~=,r-Ground Elevation@ 1531.62 ft. 
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Figure 142, Stratigraphic Coluaa for Piezometer Site 13 
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Figure 143. Stratigraphic Column for Pie&oaetar Site #4 
i,.,,.,,,....,.,,,...-Ground Elevation@ 1583.96 ft. 
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Figure 144. Stratigraphic Column for Piezometer Sita IS 
.-.,.=,....-Ground Elevatlon @1518.73 ft. 
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Figure 145. Stratigraphic ColWID for Piezometer Site 16 
i--._..,..._Ground Elevation @1528.83 ft. 
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Figure 146. Stratigraphic Col111111 for Piezaa.tar Site f7 
,..,.,..,,,...,.._Ground Elevation@ 1597.60 ft. 
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Figure 147. Stratigraphic Columt1 for Piezometer Site #8 
i.,.........,..,.,.._ Ground Elevation @ 1521.21 ft. 
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Figure 148. Stratigraphic Coltllllll for Piezometer Site 19 
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Figure 149. Stratigraphic Colwnn for Piezometer Site #10 
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Figure 150. Stratigraphic ColU11111 for Piezometer Site Ill 
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Figure 151. Stratigraphic ColUllln for Piezometer Site #12 
i--...--Ground Elevation@ 1524.01 ft. 
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Figure 152. Stratigraphic Column for Piezometer Site #13 
....,....,..,_,,,,--- Ground Elevation @ 1561.55 ft. 
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Figure 153, Stratigraphic ColWIIQ. for Piezometer Site #1S 
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Figure 154. Stratigraphic Colulm for Piezometer Site 116 
~~:r-Ground Elevation @ 1531.95 fl. 
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Figure 1S5. Stratigraphic ColWllQ for Pie:ometer Site #17 
i,.,,,,.,,,.,...,,.._ Ground Elevation @ 1514.99 ft. 
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Figure 156. Stratigraphic Column for Piezometer Site 118 
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l 
I 
Figure 157. Stratigraphic ColUlllll for Piezometer Site 127 
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Figure 158. Stratigraphic Colu:mn for Piezoaeter Site IJ2 
--Ground Elevation @ 1523.79 ft. 
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Appendix E 
PRECIPITATION DATA 
361 
' 
l 
Month* 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Annual 
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Table 173: 
Devils Lake Precipitation Totals 
and Departures from Normal, 1981 
Total 
Precipitation Departure 
(inches).!_ (inches).!_ 
0.46 
-0. 10 
1. 19 +0.79 
0.39 
-0.48 
1. 5 3 +0.42 
1.26 
- 1 • 0 1 
6 .6 3 + 3 .24 
2, 3 4 +0.06 
3 , 1 1 + 1. 00 
2.70 +O, 6 3 
1. 89 +0.99 
0.90 +0.26 
0, 5 1 
-0.05 
22,90 +5. 75 
• National Oceanic and Atmospheric Administration ( 1981) 
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Figure 159. Devils Lake 1981 Precipitation Graph 
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Table 1711: 
Devils Lake Precipitation Totals 
and Departures from Normal, 1982 
Total 
Precipitation Departure 
(inches)~ (inches)~ 
1.26 +O. 70 
0.35 
-0 .05 
1 • 1 4 +0.28 
0. 18 
-0. 9 3 
3.02 +0.75 
5,78 +2. 39 
5.60 +3 ,32 
1. 13 
-0.98 
0.89 
- 1 • 18 
4. 9 3 +4.03 
0,36 
-0.28 
0. 7 3 +O. 17 
25,37 +8 .22 
--- - - - - ---- ---- --····- -----···--
• National Oceanic and Atmospheric Administration (1982) 
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Figure 160. Devils Lake 1982 Precipitation Graph 
1.7 
t.6 
1.5i Devils lak-a 1982 Total Precipitation• 25.37 in. 1.4 
13 
;; t.2 
~ 
"' 1.1 tl 
;!§ 1.0 
09 
'i o.aJ I I 11. , I 11 ~ l.n c 0.1 
·; 0.6 
a: 
0.5 
0.4 
0.3 
o.2j\ 
0.1 
I ! ,11 liSI ,I I II 
• • • • I 
I .,11 I, ~ I ,, I 1 
APR I MAY I JUNE I JULY I AUG I SEPT 
, • .:.. .J, 
~ ., .-·:-~ .. ·-·~--.. -,......-..,, .. --, ... -~,..,.;,..;{,.._~}!•- '.f" 
2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
"' .. 1.4 
J:: 
<.) 1.3 C 
- 1.2 
1.1 
.. 1.0 
-C 0.9 
.. 
a: 0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
MAY 
Figure .161, 'Wood Lake 1981 Precipitation Graph 
Wood Lake 
1981 Rainfall Total: 21.3 in. 
I I I I 
JULY I AUu SEPT • "T 
ls: 
"' 
~ 
PJlk"!('i\'~.~;f'·r/!:¥'c~:::::'.~'~'" ,,,'._::w;Y _\,Jp,.,·,~ ·:i ui:·,>·~·· .<-•· ',. '.;'.:~,t·:~ -~ n~"''""''""""~-u,.· ··;,,.,.. ---,~0':\."1.t:11:r ~ :iilllal 
.;; 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 
! 1.0 
u 
C 0.9 
0.8 
"' o. 7 
E 0.6 
"' cc 0.5 
0.4 
0.3 
0.2 
0.1 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
I 
AV 
Figure 162. Wood Lake 1982 Precipitation Graph 
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Appendix F 
CROSS SECTIONS 
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CHEMISTRY DATA 
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Table 175: Well #1 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
:::ale ium ( mg/1) 
Calcium (meq/1) 
Magnesium (mg/l) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium ( ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/1) 
Total Hardness (CaC0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium (J) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
11/11/81 
7 • 15 
300.0 
1.0 
2.8 
457.0 
7.490 
o.o 
8.0 
0.226 
41. 0 
0.85 
82 .o 
4.092 
37.5 
3 .085 
4.65 
0. 119 
17 • 5 
0. 761 
o.o 
0.0 
40.0 
o.4 
1.6 
8.3 
4 • 1 
0.7 
66.0 
374 .o 
359.0 
416.0 
9.5 
o.4o 
0.050 
0.012 
0. 980 
8.62 
8.07 
o.548 
3.28 
' 
! 
\ 
l 
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Table 176: Well #2 Chemistry 
Date of" Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 J(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulf"ate (mg/1) 
Sulf"ate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium ( meq /1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead ( ug/1) 
Selenium (ug/1) 
Zinc ( ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (CaC0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion .Sum 
Cation Sum 
Difference 
Percent Error 
7/ 15/81 
8.0 
3.0 
410.0 
6.719 
o.o 
3.0 
0,085 
43.0 
O .895 
69.5 
3 .468 
34.0 
2. 79 7 
6. 10 
O. 156 
25.0 
1. 087 
0.919 
335,0 
3 13 , 0 
381.0 
14 • 7 
0 • 16 
0.098 
0.025 
0. 182 
1.69 
7 .52 
0. 167 
1.09 
8/19/81 
9.0 
1 • 6 
406.0 
6. 65 4 
o.o 
o.o 
0 , 0 
46.0 
O .958 
69.5 
3.468 
33.0 
2.715 
6. 35 
0. 162 
27.5 
1.19 5 
0. 30 3 
9.0 
1 4 0. 0 
0.9 
1. 4 
11. 5 
0.05 
9,0 
0.3 
34.0 
332.0 
309.0 
38 2. 0 
1 6 , 1 
0.68 
0. 1 1 1 
0 .023 
0, 18 6 
1.62 
7.56 
0.061 
0. 4 1 
11/11/81 
7.3 
368 .o 
1.0 
1. 45 
4 26 .o 
6.982 
o.o 
3.0 
0.085 
26.o 
0.541 
69.5 
3.468 
32.0 
2 .6 32 
6.35 
0.162 
18.5 
0 .805 
0 • 1 9 3 
348.0 
305 .o 
364.0 
1 1 • 5 
0.46 
0,060 
0.016 
0.139 
1.60 
1.08 
0.519 
3. 5 3 
I 
I . 
' 
' 
L 
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Table 177: Well #3 Chemistry 
Date of Sample 
rield pH 
rield Conductivity (umhos/cm) 
rield Temp~rature (C) 
Disolved Oxygen (rield) (mg/1) 
Bicarbonate (Hc0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride ( mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (mg/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium ( ug/ 1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead ( ug/1) 
Selenium ( ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness ( CaC0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium (:l) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
1 0 • 0 
1. 9 
255.0 
4 • 1 79 
0.0 
o.o 
o.o 
22.0 
0.458 
59. 5 
2 .9 69 
16.0 
1 • 3 17 
3,45 
0.088 
1.00 
0.304 
0. 1 9 3 
208.0 
214.0 
2 33. 0 
6.6 
0.21 
0. 1 12 
0.028 
0.068 
4.64 
4.68 
-0.04 
-0 .4 4 
8/17/61 
9.0 
1 • 4 
268.0 
4.392 
o.o 
1 • 0 
0.026 
14 • 0 
0. 29 1 
57,5 
2 .869 
16.5 
1 • 3 57 
3. 9 5 
0. 1 0 1 
7.50 
0.326 
0 • 1 27 
4. 1 
30.0 
0.5 
1.7 
9.0 
0. 12 
6. 1 
o.o 
24.o 
219.0 
211 • 0 
232.0 
1. 1 
0 .22 
0,089 
o. 0 35 
0.021 
4 • 7 1 
4 .66 
0.053 
0.57 
11/07/81 
7. 35 
26 1. 0 
1 • 5 
0.9 
276.0 
4 • 5 23 
0.0 
o.o 
0.0 
17. 0 
0.354 
60.5 
3.019 
15.5 
1 • 27 5 
3.90 
0. 100 
5.00 
0.218 
0. 0 37 
226. 0 
215 • 0 
237.0 
4 • 6 
0. 1 5 
0 • 1 1 1 
0.016 
0.026 
4. 67 
4.62 
0.254 
2.67 
C 
f 
1 
' 
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Table 178: Well #4 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia ( mg/ 1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium ( ug/1) 
Chromium ( ug/1) 
Copper ( ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selemium ( ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (CaC0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Differnece 
Percent Error 
7/13/81 
1 0 • 0 
1 • 2 
343.0 
5 • 6 21 
a.a 
a.a 
a.a 
59. 0 
1 • 228 
66.0 
3.293 
22.0 
1 • 8 1 0 
4.30 
0 • 1 11 
11 • 5 
0.500 
0.259 
280.0 
255.0 
3 3 1 • 0 
8.9 
0.31 
0 • 0 9 1 
0 .028 
0.478 
6.87 
5.72 
1 • 1 4 
9 • 1 2 
8/ 17/81 
9 • 0 
1 • 1 
35 3. O 
5.786 
o.o 
o.o 
o.o 
47. 0 
0. 9 78 
86.5 
4 • 3 16 
22.0 
1. 810 
4. 6 0 
0. 1 1 8 
11 • 5 
0.500 
0.052 
2.9 
40.0 
0 • 7 
2.9 
8.4 
0. 18 
8 • 7 
0 • 0 
21.0 
289 .o 
306 .o 
345. 0 
7.5 
0.29 
0.070 
0. 020 
0. 5 0 3 
6 • 7 9 
6.76 
0. 0 35 
0.26 
11/07/81 
7 • 3 
3 35 .o 
7. 0 
0.8 
36 4. 0 
5.966 
a.a 
a.a 
0.0 
46. 0 
0. 9 58 
80.5 
4.017 
21 • 0 
1 • 7 28 
4. 65 
0. 1 19 
7 • 50 
0.326 
a.a 
298.0 
287.0 
339. 0 
5 • 3 
0 • 1 9 
0.085 
0 • 0 1 0 
0 • 195 
6.94 
6. 20 
0. 7 40 
5. 6 3 
a 
r 
' 
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Table 179: Well #5 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium {meq/1) 
Sodium {mg/1) 
Sodium {meq/1) 
Ammonia (mg/1) 
Arsenic {ug/1) 
Barium (ug/1) 
Cadmium ( ug/1) 
Chromium (ug/1) 
Copper ( ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium ( ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium (j) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/15/81 
1 2. 0 
1 • 4 
32 3 .o 
5.294 
o.o 
o.o 
0.0 
19 • 0 
0.396 
71.0 
3. 5 43 
18.0 
1. 481 
4.50 
0 , 115 
7. 50 
0.326 
0.378 
264.0 
25 1. 0 
279.0 
6. 1 
0.21 
0.099 
0.027 
0 .025 
5.69 
5,47 
0 .212 
1. 89 
8/ 17/81 
8.o 
1 • 4 
325.0 
5.326 
o.o 
o.o 
o.o 
18.0 
0 ,375 
71.0 
3 .543 
18.0 
1 • 4 8 1 
5,00 
0. 1 28 
7.00 
0-304 
0 .266 
2,0 
o.o 
0.6 
1. 4 
6 , 3 
0.09 
1 3 • 0 
o.o 
17.0 
266.0 
251 .o 
278.0 
5,7 
0. 19 
0. 1 05 
0.051 
0.027 
5. 70 
5.46 
0.231 
2.07 
11/08/81 
6,95 
287.0 
6. 5 
0.3 
336,0 
5,507 
o.o 
0.0 
o.o 
15.0 
0.312 
7 4 .o 
3,693 
17 ,5 
1 • 4 4 0 
5,20 
0, 133 
5.00 
0,218 
0.25 2 
4 • 8 
16 0. 0 
0.5 
1 • 1 
12,3 
8.0 
o.o 
7, 0 
27 5 .o 
257,0 
282.0 
4.0 
0. 1 4 
0. 124 
0. 035 
0. 114 
5,83 
5.49 
O .3 39 
2,99 
( . 
' 
L 
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Table 180: Well #6 SHALLOW Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Dtsolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l). 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cad mi um ( ug/ l) 
Chromium (ug/1) 
Copper ( ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Manganese (mg/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Cac0 3 )(mg/1) 
Total Hardness (Cac0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium ci> 
Sodium Adsorption Ratio 
Dosolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
8.0 
1. 5 
319.0 
5.228 
o.o 
0 • 0 
o.o 
30.0 
0.625 
75.0 
3.743 
18,5 
1. 5 22 
4.60 
0 • 118 
7.50 
0.326 
0. 19 0 
261. 0 
26 3. 0 
292 .o 
5. 8 
0.20 
0. 124 
0.055 
0 .o 33 
5,85 
5, 7 2 
0. 134 
1. 15 
8/ 18/81 
1.0 
1 • 1 
318. 0 
5,212 
o.o 
o.o 
o.o 
25.0 
0 .520 
7 4. 0 
3.693 
18.0 
1 • 4 8 1 
4. 7 o 
0. 1 20 
8 .50 
o. 370 
0 .239 
15.0 
20.0 
0.1 
,. 9 
15.3 
0. 11 
8.0 
1. 7 1 
o.o 
17 .o 
260.0 
259.0 
286.0 
6.6 
0.23 
0.285 
0.059 
0.004 
5. 72 
5,67 
0.049 
0 .4 3 
11/07/81 
7.3 
29 O .o 
1.0 
0.4 
324.0 
5,310 
a.a 
a.a 
o.o 
24 .o 
0.500 
7 3 .5 
3.668 
17 .o 
1 • 39 8 
4.90 
0. 1 25 
4.50 
0. 19 6 
0. 145 
265.0 
25 3 .o 
28 3 .o 
3.7 
0. 12 
0. 140 
0.032 
a. 134 
5 , 8 1 
5,40 
0. 4 11 
3.66 
7 
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:'.,i Table 181: Well 1#6 DEEP Chemistl"y -·,r 
~1 _:; 
' ~! Date of Sample 7/13/81 8/18/81 11/07/81 , I Field pH 7.35 ' Field Conductivity (umhos/cm) 28 5. o Field Temperature ( C) 8.0 8.o 6 .25 Disolved Oxygen (Field) (mg/1) 1. 4 1.6 0.8 
Bicarbonate (HC0 3 )(mg/l) 301. 0 306. O 320.0 
Bicarbonate (meq/1) 4 .9 33 5.015 5.244 Ca l"bona te ( CO 3 )(mg; 1) o.o o.o o.o 
Chloride (mg/1) o.o 3.0 o.o Chloride ( meq /1) o.o 0.085 o.o Sulfate (mg/1) 24.0 22.0 22.0 Sulfate ( meq /1) 0.500 0. 458 0 .458 Calcium (mg/1) 7 2 .o 7 1 • 5 7 5 .o Calcium Cmeq/1) 3,593 3,568 3,743 Magnesium ( mg/1) 15.5 15.5 15 • 5 Magnesium (meq/1) 1. 27 5 1 • 27 5 1 • 27 5 Potassium C mg/1) 4.85 4. 9 5 5 • 1 0 Potassium (meq/1) 0. 1 24 0.126 0.130 Sodium ( mg/1 J 8.00 7.50 4.00 Sodium (meq/1) 0.348 0.326 0. 132 Ammonia ( mg/ 1 J 0.268 0 .197 0. 13 2 Arsenic (ug/1) 1 5 • 0 
Barium ( ug/1) 100,0 
Cadmium (ug/1) 1.0 
Chromium ( ug / l) 3.2 
Copper (ug/1) 1 1 • 2 
Iron (mg/1) 0 • 1 3 
Lead ( ug/1) 6.0 
Manganese ( mg/1) 1.32 Selenium C ug/1 J o.o 
Zinc (ug/1) 20 .o 
Tota 1 Alkalinity ( caco 3 )( mg/1) 246.0 250,0 26 2. 0 
Total Hardness (CaC0 3 J(mg/l) 243.0 24 2 .o 251 .o 
Total Disolved Solids (mg/1) 272.0 27 4 .o 279. 0 
Pet"cent Sodium (j) 6.6 6 • 3 3 • 3 
Sodium Adsorption Ratio 0.22 0.21 0. 11 
Disolved Phosphorous C mg/1) O .09 7 0.237 0. 140 
Disolved 01'.'tho Phosphate (mg/1) 0 .026 0,048 0 .o 36 
Nitrate as N (mg/1) 0.221 0.010 0 ,499 An ion Sum 5.44 5 .5 3 5.73 Cation Sum 5.35 5.30 5,33 
Difference 0 .09 6 0 .228 0.400 
Percent Error 0.90 2. 1 0 3.61 
l 
i 
I 
l 
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Table 182: Well #T Chemistry 
Date of' Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 ) (mg/1) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium ( mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium ( mg/1) 
Sodium ( meq /1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium ( ug/1) 
Cadmium ( ug /1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead ( ug/1) 
Selenium ( ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/ 1 ) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7 / 1 3/ 81 
9.0 
1 • 5 
285,0 
4 • 6 71 
o.o 
0.0 
0.0 
14 9 • 0 
3,102 
77,5 
3 .867 
25.0 
2.057 
4.40 
0. 113 
9.00 
0,391 
0. 1 08 
2 33 .o 
296 .o 
4 06 .o 
5.2 
0,23 
0. 1 13 
0 .028 
0. 123 
7, 8 0 
6.44 
1 , 35 
9 , 5 1 
8/19/81 
9.5 
1 • 2 
289 .o 
4. 7 37 
0.0 
o.o 
o.o 
137.0 
2. 852 
89.0 
4 • 4 4 1 
25.0 
2 .057 
4.85 
0. 1 24 
7.50 
0.326 
0.029 
8.0 
40.0 
0.9 
3.6 
8.o 
0.05 
9.0 
0. 1 
3,0 
236.0 
325 .o 
406.0 
4 • 8 
0. 1 8 
0.080 
0. 1 08 
0.229 
7, 6 2 
6.96 
0.656 
4,49 
11/11/81 
7,35 
298.0 
7,5 
0.7 
306 .o 
5.015 
o.o 
o.o 
o.o 
98.0 
2.040 
98.5 
4 .915 
23.5 
1 • 9 33 
5,05 
0 .1 29 
4.oo 
0. 17 4 
a.a 
250,0 
342.0 
379 .o 
2.5 
0.09 
0 .039 
0 .026 
0 .064 
7.06 
7 .17 
-0.107 
-0. 76 
z. 
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Table 183: Well #8 Chemistry 
Date of Sample 7/15/81 8/17/81 11/10/81 
Field pH 1.0 
Field Conductivity (umhos/cm) 363.0 
' Field Temperature ( C) 11 • 0 9.5 9.75 ! Disolved Oxygen (Field) (mg/1) 1.8 1. 4 0.3 
l Bicarbonate (HC0 3 )(mg/l) 387.0 398.0 4 1 9. 0 
Bicarbonate (meq/1) 6.342 6.523 6.867 
Carbonate (co 3 )(mg/l) a.a a.a a.a 
Chloride ( mg/1) a.a a.a 3.0 
Chloride (meq/1) a.a a.a 0.085 
Sulfate ( mg /1) 19.0 16.0 15.0 
Sulfate (meq/1) 0.396 0.333 0.312 
Calcium (mg/1) 51. 5 52.0 55.0 
Calcium (meq/1) 2.570 2.595 2.745 
: Magnesium (mg/1) 35.5 36. 5 36.0 
I Magnesium (meq/1) 2.921 3.002 2.962 
l Potassium (mg/1) 9.55 9.75 10.2 Potassium (meq/1) 0.244 0.249 0.269 Sodium (mg/ 1 ) 20.2 22.5 17.0 
Sodium ( me q / 1 ) 0. 892 0.919 0.740 
Ammonia (mg/1) 0.392 0.202 0. 118 
Arsenic (ug/1) 1.0 
Barium (ug/1) 90.0 
Cadmium (ug/1) 0. 1 
I Chromium (ug/1) 1 • 7 
Copper (ug/1) 1 0. 5 
Iron (mg/1) 0. 1 4 
Lead (ug/1) 9.0 
Selenium (ug/1) a.a 
Zinc (ug/1) 1 2. 0 
Total Alkalinity (CaCO 
3 ) (mg/ 1) 316.0 325.0 343.0 
Total Hardness ( Caco 3 ) (mg/1) 274.0 280.0 285.0 
Total Disolved Solids (mg/ 1) 326.0 333.0 342.0 
Percent Sodium ( % ) 13.9 14.8 11 • 4 
Sodium Adsorptiou Ratio 0.54 0.58 0.44 
Disolved Phosphorous (mg/1) 0.067 0.074 0.068 
Disolved Ortho Phosphate (mg/1) 0.018 0.018 0.023 
Nitrate as N (mg/ 1 ) 0.060 0.017 o .a 11 
Aniori Sum 6.74 6.86 7.25 
Cation Sum 6.64 6.84 6.72 
Difference 0.099 0 .020 0. 526 
Percent Error 0.75 0. 1 5 3.76 
I 
j 
i 
L 
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Table 184: Well #9 SHALLOW Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate ( meq /1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium {mg/1) 
Sodium {meq/1) 
Ammonia ( mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zina (ug/1) 
Total Alkalinity (Caco
3
)(mg,l) 
Total Hardness (caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Diffe renoe 
Percent Error 
7/13/81 
9,0 
1.7 
787,0 
12. 8 98 
o.o 
3.0 
0.085 
74.o 
1 • 5 41 
66.o 
3.293 
83.5 
6.871 
1. 15 
0. 183 
77,5 
3,371 
0.232 
644.0 
508.0 
698.0 
24.8 
1. 49 
0.250 
0.039 
O, 169 
14.5 
1 3. 7 
0,774 
2.73 
8/17/81 
7.0 
1 • 6 
422,0 
6.917 
0.0 
o.o 
o.o 
91.0 
1. 895 
80.0 
3,992 
38.0 
3. 126 
6.45 
0, 165 
33.0 
1. 4 35 
O. 168 
1.0 
80,0 
0.4 
4.7 
7.4 
0.01 
6.0 
o.o 
28.0 
345 .o 
356 .o 
456.0 
16.6 
0.76 
0.246 
0.020 
0. 104 
8.82 
8. 7 4 
O.Q82 
0.47 
11/08/81 
6.9 
580.0 
7,5 
0.4 
740.0 
12.128 
o.o 
3.0 
0 ,08 5 
51.0 
1 .062 
66.o 
3,293 
87,0 
7. 157 
5,30 
0.136 
4 1 • 0 
1. 783 
0,047 
606. O 
617 .o 
617,0 
14,5 
0.78 
0,092 
0.015 
0, 211 
13.2 
12.4 
0 .866 
3,37 
' 
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Table 185: Well #9 DEEP Chemistry 
l 
' t 
1 
' 
L. 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1), 
Ammonia ( mg /1) 
Arsenic (ug/1) 
Barium ( ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalintiy (Caco
3
)(mg/l) 
Total Hardness (Caco3 l(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium {j) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
7,0 
1 • 4 
395.0 
6.474 
o.o 
o.o 
o.o 
126.0 
2.623 
83.5 
4. 167 
40.5 
3,332 
6. 10 
0. 156 
28.0 
1.397 
0.241 
323.0 
375,0 
479,0 
13.9 
0.63 
0. 13 9 
0.028 
0.068 
9,11 
8.89 
0,223 
1 .24 
8/17/81 
8.5 
1 • 6 
7 4 9. 0 
12.276 
o.o 
o.o 
a.a 
40.0 
0.833 
70.5 
. 3.518 
95.5 
7. 856 
4.95 
0. 127 
38.0 
1. 65 3 
0. 112 
1.0 
70.0 
0,3 
2.7 
Jll. 1 
0.08 
11 , 0 
0.3 
65 .o 
613.0 
569.0 
618.0 
12.6 
0,69 
0.230 
0.024 
0, 18 1 
1 3 • 1 
1 3 • 1 
-0.072 
-0.28 
11/08/81 
6,95 
422.0 
6. 7 5 
0.3 
435,0 
7. 129 
o.o 
o.o 
o.o 
96.0 
1 • 9 99 
76.5 
3,817 
36.0 
2,962 
7,05 
0. 180 
34,5 
1 • 50 1 
0.094 
356.0 
3 3 9. O 
46 3. O 
18,0 
a.a, 
0,093 
0.011 
a.a 
9. 12 
8.48 
o.64o 
3.63 
5 
' 
. 
I 
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Table 186: Well #10 Chemistry 
Date of Sample 7/15/81 8/19/81 11/08/81 Field pH 6.8 
.Field Conductivity (umhos/cm} 480,0 Field Temperature (Cl 10,0 10.0 1.75 Disolved Oxygen (Field} (mg/1) ,. 6 1. 4 0,4 Bicarbonate (HC03 )(mg/l) 460.0 5 11 • 0 652.0 
Bicarbonate (meq/1} 7. 539 8,375 10.685 Carbonate ( co 3 l (mg/1) 0.0 0.0 o.o 
Chloride ( mg /1} 3,0 o.o 3,0 Chloride (meq/1) 0.085 0.0 0.085 Sulfate (mg/1} 17,0 13.0 17. 0 Sulfate (meq/1} 0,354 0,770 O. 354 Calcium (mg/1} 54.5 59,0 77,0 Calcium (meq/1} 2.120 2,944 3,842 
Magnesium (mg/ll 45,5 52.5 64. 5 Magnesium {meq/1} 3,744 4,319 5.306 
I Potassium (mg/1) 10.2 10.8 12.0 Potassium (meq/1) 0.261 0.276 0,307 Sodium (mg/1} 25,5 26,0 24.5 Sodium (meq/1} 1 • 1 09 1 • 1 3 1 1 • 066 Ammomia ( mg /1) 0,343 0.123 0. 132 Arsenic {ug/1} 10.0 
Barium (ug/1} 370.0 
Cadmium (ug/1) 0,7 
Chromium (ug/1) 2.6 
Copper (ug/1} 9, 1 
Iron (mg/ l l 0.01 
Lead (ug/1} 8.0 
Selenium (ug/1) 0. 1 
Zinc (ug/1} 92,0 
Total Alkalinity {CaCO 
3 i(mg/l} 376.0 418.0 533,0 
Total Hardness { caco3 }(mg/1) 323,0 363.0 457 .• 0 
Total Disolved Solids ( mg/1) 381 , 0 412.0 518,0 
Percent Sodium ( % ) 14,5 13.4 10,3 
Sodium Adsorption Ratio 0.62 0,59 0.50 
Disolved Phosphorous (mg/1) 0.098 0.097 0. 10 1 
Disolved Ortho Phosphate (mg/1) 0.026 0.1011 0.012 
Nitrate as N (mg/1) 0,026 0. 11 3 0.006 
Aniori Sum 7,96 8.65 1 1 • 1 
Cation Sum 7,85 8 ,69 10,5 
Difference 0. 104 -0.045 0,562 
Percent Error o.66 -0,26 2,59 
i· 
a 
1 
I· 
L 
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Table 1871 Well #11 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate ( meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium ( ug/l) 
Copper (ug/1) 
Iron (mg/l) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalintiy (CaCO )(mg/l) 
3 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium (J) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/16/81 
111.0 
1.0 
384.0 
6 .293 
o.o 
o.o 
o.o 
20.0 
0.416 
5 3. 5 
2,675 
34.5 
2.838 
7,45 
0.190 
1 9. 5 
0.848 
1 • 3 4 
314 • 0 
275.0 
324. 0 
13, 2 
0, 5 1 
0. 105 
0.039 
0.013 
6.71 
6,56 
0. 1 46 
1 • 1 0 
8/19/81 
9.0 
1 • 1 
390.0 
6,392 
o.o 
o.o 
o.o 
19.0 
0. 3 96 
50,5 
2,520 
36. 5 
3.002 
7,75 
0,198 
18.5 
0.805 
1.30 
1 0. 0 
200.0 
0,3 
1 , 4 
4 • 3 
0,57 
3,0 
o.o 
3. 0 
319,0 
276,0 
323 .o 
12,6 
0.48 
0,129 
0,040 
0,034 
6.78 
6,54 
0,238 
1. 78 
11/08/81 
7,0 
335,0 
7,5 
0,4 
393.0 
6.441 
o.o 
o.o 
o.o 
18. 0 
0.375 
53.0 
2.645 
34.5 
2,838 
7.90 
0,202 
15,5 
0.674 
1 , 07 
321.0 
274,0 
322.0 
10.8 
0. 4 1 
0.119 
0 .017 
o.o 
6,81 
6.37 
0,433 
3.28 
C 
L 
393 
Table 188: Well #12 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carboante (co3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate {meq/1) 
Calcium ( mg/1) 
Calcium {meq/1) 
Magnesium {mg/1) 
Magnesium {meq/1) 
Potassium {mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium ( ug/1) 
Cadmium (ug/1) 
Chromium {ug/1) 
Copper {ug/1) 
Iron {mg/1) 
Lead (ug/1) 
Selenium {ug/1) 
Zinc {ug/1) 
Total Alkalinity {Caco
3
){mg/l) 
Total Hardness {caco 3 ){mg/l) 
Total Disolved Solids {mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate {mg/1) 
Nitrate as N {mg/1) 
Anion· Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
9.0 
1. 3 
810.0 
1 3. 27 5 
o.o 
5,0 
0. 14 1 
182.0 
3,789 
7 9. 5 
3.967 
103,0 
8.476 
8. 10 
0.207 
70.0 
3,045 
0. 148 
663,0 
622.0 
846.0 
19,5 
1.21 
0. 104 
0.031 
0.027 
17.2 
15.7 
1 • 4 7 
4.48 
8/18/81 
8.0 
1 • 2 
870,0 
14,259 
o.o 
o.o 
0.0 
107.0 
2.228 
106.0 
5.289 
106,0 
8.720 
8. 15 
0.208 
59,0 
2,566 
0,081 
8.0 
80,0 
0,3 
4.7 
11. 7 
0.08 
7,0 
o.o 
3 1 , 0 
712,0 
704.0 
816.0 
15.3 
0,97 
0.084 
0.020 
0. 024 
16.25 
16.9 
-0.395 
-1 • 1 8 
11/09/81 
6.85 
6 93 .o 
7,25 
0,5 
911 • 0 
14.930 
o.o 
8.o 
0,226 
80, 0 
1 .666 
92.0 
4,591 
99. 0 
8. 14 4 
9,40 
0.240 
47.0 
2.044 
0. 10 3 
746.0 
637.0 
783. 0 
13,7 
0.81 
0.027 
0.014 
o.o 
16,8 
15.0 
1. 75 
5,49 
7 
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Table 189: We11 #13 SHALLOW Chemistry 
Date of Sample 
Field pH 
Field .Conductivity (umhos/cm) 
Field Temperature (C) 
Diso1ved Oxygen (Field) (mg/1) 
Bicarbonate (HC03 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/l) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco3 )(mg/l) 
Total Hardness (Caco
3
)(mg/1) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error. 
11/.07/81 
7.5 
720.0 
6. 5 
1 • 4 
469.0 
7 .686 
o.o 
3.0 
0.085 
468.0 
9.744 
63. 5 
3.169 
23.0 
1 • 8 92 
10.7 
0.274 
262.0 
11.396 
0. 1 1 5 
4.0 
30.0 
0.7 
2. 1 
15,9 
3.5 
0.6 
80.0 
384.0 
253.0 
1060,0 
6 9. 1 
7, 15 
0,033 
0.003 
0.477 
17,5 
16.7 
0.821 
2.39 
C 
r 
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Table 190: Well #13 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (Hco
3
)(mg/l) 
Bicarbonate (meq/1) 
Carboante (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium ( meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (caco
3
)(mg/l) 
Total Hardness (Caco
3
)(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
8/17/81 
B.o 
1. 6 
390 .o 
6.392 
o.o 
o.o 
o.o 
37.0 
0.110 
80.5 
4.017 
30.0 
2.468 
4.45 
0. 114 
9.00 
0. 3 91 
0.046 
6.0 
o.o 
0.6 
4.2 
6.6 
0.07 
10.0 
0. 1 
23,0 
319.0 
324.0 
353.0 
5.7 
0.22 
0.073 
0.016 
0. 035 
7. 17 
1.00 
0.162 
1 • 1 4 
11/07/81 
7.55 
277.0 
6.5 
0.4 
398.o 
6.523 
o.o 
o.o 
o.o 
39.0 
0.812 
82. 0 
4.092 
28.5 
2.31111 
6.65 
0. 170 
6.50 
0.283 
0.005 
325.0 
322.0 
358. O 
II. 2 
0. 16 
0.023 
0.012 
0.040 
7.33 
6.90 
0.1126 
2.99 
a 
' 
! 
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Table 191: Well #15 SHALLOW Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (Hco 3 )(mg/l) 
Bicarbonate (meq/1) 
Carboante (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper ( ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco
3
)(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium <i) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7115/81 
1 3. O 
1 • 2 
328.0 
5.376 
o.o 
o.o 
o.o 
2 1 • 0 
0.437 
62.0 
3.094 
2 0 ._5 
1. 68 6 
4. 15 
0. 106 
19.0 
0.826 
0.268 
268.o 
239.0 
288.0 
14.6 
0.53 
0.090 
0.026 
0.016 
5. 18 
5. 7 2 
0.092 
0.80 
8/17/81 
1.0 
o.8 
328.0 
5.376 
o.o 
o.o 
o.o 
19.0 
0.396 
6 3. 5 
3. 169 
20.0 
1. 6 45 
11. 35 
.0.111 
17.5 
0.761 
0. 1 1 0 
5.0 
130.0 
0.4 
2.5 
1 3. 1 
0.08 
16.0 
o.o 
46.o 
268.0 
241. 0 
286.0 
13.5 
0.49 
0.096 
o. 033 
0.021 
5.77 
5. 70 
0.076 
0.67 
11/08/81 
7. 1 
245.0 
7.0 
o.8 
333.0 
5.1+57 
o.o 
o.o 
o.o 
22.0 
0.458 
65.0 
3 .24 4 
19.5 
1 • 6 04 
4.60 
0. 118 
13.5 
0.587 
0.069 
27 2. 0 
242 .o 
288.0 
1 0. 7 
0.38 
0.096 
0.014 
0.029 
5, 91 
5.56 
0,348 
3.03 
' 
t' ,,
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Table 192: Well #15 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HCo 3)(mgll) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium ( mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc ( ug/1) 
Total Alkalintiy (Caco
3
)(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium($) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/15/81 
11 • 0 
1 • 1 
321. 0 
5.261 
o.o 
o.o 
o.o 
24,0 
0.500 
62.0 
3.094 
19, 0 
1. 563 
4.00 
0. 102 
16,5 
0,718 
0.318 
262.0 
233,0 
283.0 
13,2 
0.47 
0.095 
0.029 
0.012 
5,75 
5,48 
0.267 
2.38 
8/17/81 
7,5 
o.8 
323.0 
5,2911 
o.o 
o.o 
o.o 
21 • 0 
0.437 
6 3, 5 
3.169 
20,5 
1. 685 
4, 20 
0.107 
18,5 
0.805 
0.081 
8.o 
10.0 
0.5 
2.4 
13,3 
0.07 
1.0 
o.o 
20.0 
264. 0 
2113.0 
286 .o 
14, 1 
0.52 
0.078 
0. 022 
0 .024 
5.73 
5.78 
-0.043 
-0.38 
11/08/81 
6.95 
247. 5 
6.5 
0,5 
329.0 
5,392 
o.o 
o.o 
o.o 
21 • 0 
0.437 
61. 5 
3 .069 
18,5 
1,522 
4.30 
0.110 
13.0 
0.566 
0. 116 
269, 0 
229.0 
280.0 
10,9 
0.37 
0.052 
0.017 
0.051 
5,83 
5.27 
0.557 
5,01 
'f 
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Table 193: Well #16 SHALLOW Chemistry 
Date of' Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
D:!.solved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate tmg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium ( mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc ( ug/1) 
Total Alkalinity (Caco
3
)(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium Cl) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
8.0 
1 • 6 
253.0 
4. 146 
o.o 
o.o 
o.o 
30.0 
0.625 
57.0 
2.844 
16.0 
1.316 
2.95 
0.075 
5.50 
0.239 
0.109 
201.0 
208.0 
235. 0 
5.4 
0. 17 
0.098 
0.036 
0,038 
IL77 
4.48 
0.284 
3,07 
8/17/81 
8,5 
1.4 
246.0 
4,032 
o.o 
o.o 
o.o 
16.0 
0.333 
54. 5 
2.72 
14,5 
1 • 1 93 
3.00 
0.077 
4.00 
0. 17 4 
0.090 
6.0 
10.0 
0.7 
,. 3 
10.0 
0.05 
1.0 
0. 1 
11. 0 
201 . 0 
195,0 
212.0 
4.2 
0. 12 
o. 082 
o. 029 
0.108 
4.36 
ll • 17 
0. 193 
2.26 
11/07/81 
7,3 
225, 0 
7,5 
0.2 
246.o 
4.032 
0.0 
o.o 
o.o 
16.0 
0,333 
55.0 
2 • 7 115 
14. 0 
1.152 
3,20 
o. 082 
1.00 
0.04ll 
o.o 
201 .o 
195 .o 
210.0 
1.1 
0.03 
o.oso 
0.025 
0.031 
ll. 37 
4.03 
0,338 
4.02 
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Table 194: Well #16 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 J(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium { meq/1). 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead ( ug/1) 
Selenium {ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaCO )(mg/l) 
3 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous {mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
10.0 
1 • 2 
242.0 
3.966 
o.o 
o.o 
o.o 
15,0 
0.312 
55,0 
2.745 
14.5 
1,193 
2,90 
0.074 
5.00 
0,217 
0. 126 
198.0 
197.0 
211 • 0 
5,2 
0. 1 5 
0. 10 1 
0.039 
0,049 
4.27 
4,23 
0.039 
0.46 
8/17/81 
6.5 
0.1 
239.0 
3. 917 
o.o 
o.o 
o.o 
13.0 
0,271 
53,5 
2.670 
14.0 
1 • 1 52 
3,00 
0.011 
5.00 
0.217 
0.028 
5.0 
30.0 
0.5 
1 • 4 
1 0. 2 
0.06 
1.0 
o.o 
16.0 
195.0 
191. 0 
206.0 
5.4 
0. 1 6 
0.086 
0.032 
0. 021 
II. 1 8 
4. 12 
0.061 
0.74 
11 /07/81 
1.2 
215.0 
6.5 
0,3 
240.0 
3.933 
o.o 
o.o 
o.o 
11.0 
0.229 
54.0 
2.695 
13,0 
1 • 069 
3.05 
0.078 
1.00 
0.044 
0.004 
196.0 
188.0 
200.0 
1 • 1 
0.03 
0,056 
0.018 
0.040 
II • 1 7 
3.89 
0.278 
3,45 
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~able 1951 Well #17 SHALLOW Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (c0 3 )(mg/l) 
Chloride (mg/1) 
Chloride ( meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1} 
Sodium (meq/1) 
Ammonia (mg/1 )_ 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium ( ug/1) 
Zinc ( ug/1) 
Total Alkalinity (Caco 3 J(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/15/81 
10.0 
1. 8 
339. 0 
5,556 
o.o 
3.0 
0. 085 
12.0 
0.250 
55.0 
2,745 
1 9. 0 
1 • 563 
6.25 
0.160 
30.0 
1,305 
1. 05 
277,0 
215.0 
291 .o 
2 3. 1 
0 .89 
0.070 
0.027 
0.026 
5.88 
5. 78 
0.096 
0.83 
8/17/81 
9.5 
1. 4 
350.0 
5,736 
o.o 
o.o 
o.o 
57.0 
1 • 187 
78,0 
3.892 
20.0 
1 .645 
5.30 
0. 135 
29,5 
1 , 28 3 
0.251 
6.0 
o.o 
0.5 
,. 3 
9.8 
0.06 
6.0 
o.o 
18.0 
286.0 
277,0 
362.0 
18.7 
0.77 
0. 108 
0.027 
0.026 
6.92 
6.97 
-0.044 
-0.32 
11/11/81 
7,4 
256.8 
7,5 
1.4 
350 .o 
5,736 
o.o 
5.0 
0.141 
11 • 0 
0.229 
63 .5 
3. 169 
16.0 
1.316 
5.60 
0. 143 
25.5 
1 • 109 
0.032 
286.0 
224.0 
299.0 
19.7 
0.74 
0.092 
0.029 
0. 14 8 
6 • 1 1 
5.74 
0. 369 
3. 11 
' 
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Table 196: Well 117 DEEP Chemistry 
Date of Se.mp le 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 J(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 J(mg/l) 
Chloride ( mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1 l 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/l) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco
3
l(mg/l) 
Total Hardness (CaC0
3
)(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Perc;,ent Error 
7/15/81 
7.0 
1 • 1 
332.0 
5.441 
o.o 
3.0 
0.085 
244,0 
5,080 
125,0 
6.238 
32.5 
2,674 
5.80 
0. 148 
35.0 
1. 522 
0.402 
271.0 
447.0 
609.0 
14.4 
0.12 
0,072 
0 .026 
0.022 
10,6 
10.6 
-0.012 
-0.06 
8/17/81 
7.0 
1 , 2 
343.0 
5,622 
o.o 
1.0 
0,028 
11 • 0 
0 .229 
53.5 
2.670 
19.0 
1.563 
6,25 
0.160 
29.0 
1 • 261 
0,973 
8.o 
1 30. 0 
0.7 
1 • 6 
7. 1 
0,07 
6.o 
o.o 
13.0 
280.0 
211. 0 
288.0 
22.8 
o.87 
0.069 
0.022 
0.018 
5,88 
5.66 
0.217 
1 • 88 
11/11/81 
7,55 
300.0 
1.0 
0.55 
348.0 
5,703 
o.o 
3,0 
0.085 
1 • 0 
0. 021 
5 l!. 0 
2.695 
17. 5 
1 .1140 
6. 60 
0.169 
24.0 
1 .044 
0.674 
285 .o 
201.0 
211.0 
20.0 
0.73 
o. 07 2 
0.028 
0.040 
5.80 
5.35 
0.446 
3,99 
7 
' 
·, 
402 
Table 197; Well #18 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (Cl 
Di solved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 J(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co3 )(mg/l) 
Chloride ( mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic ( ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco
3
l(mg/l) 
Total Hardness (Caco 3 J(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
1 0. 0 
1 • 4 
355.0 
5.818 
o.o 
3.0 
0.085 
11.0 
0.229 
52.0 
2,595 
23.5 
1.933 
6. 70 
0. 17 1 
34.5 
1 • 50 1 
0.552 
290.0 
226.0 
305.0 
24.7 
1. 00 
0. 11 0 
0.028 
0.049 
6. 1 3 
6.21 
-0.08 
-0.66 
8/19/81 
1 0. 0 
1 • 0 
355 .o 
5,818 
o.o 
o.o 
o.o 
11 • 0 
0.229 
50.0 
2.495 
23.0 
1 • 892 
6,90 
0.176 
30.5 
1,327 
0,523 
6.0 
160,0 
0.4 
1 • 8 
3. 5 
0.05 
7,0 
o.o 
12.0 
290.0 
219.0 
296.0 
23.1 
0.89 
0.081 
0.021 
0.065 
6.04 
5.90 
0. 144 
1 .20 
11/10/81 
7. 1 
481. 0 
8.5 
o.8 
368.0 
6.031 
o.o 
3.0 
0.085 
a.o 
0.167 
53.5 
2,670 
21.5 
1 , 7 69 
7. 1 5 
0.183 
27,5 
1 • 1 9 6 
o.447 
30 1 .o 
222.0 
301 • 0 
21. 1 
o.80 
0.083 
0,028 
0. 0 39 
6.27 
5,83 
0.442 
3.65 
.. 
4 03 
Table 198: Well #19 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco
3
)(mg/l) 
Total Hardness (C&C0 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
8/19/81 
12.5 
1 • 4 
327.0 
5.359 
o.o 
o.o 
o.o 
16.0 
0.333 
63.5 
3. 169 
23.5 
1 • 9 3 3 
3.55 
0.091 
6.50 
0.283 
0.043 
15.0 
200.0 
0.4 
0.9 
5.1 
0.06 
o.o 
0. 1 
7.0 
267.0 
255.0 
274.0 
5.2 
0. 18 
0.215 
0.023 
0. 0 11 
5.70 
5.49 
0.212 
1 • 8 9 
11/07/81 
7.2 
268.0 
7.0 
3.0 
312.0 
5. 1 1 3 
o.o 
o.o 
o.o 
18.0 
0.375 
66.o 
3 .293 
19.5 
1. 604 
3.30 
0.084 
2.00 
0.087 
0.008 
255. 0 
245, 0 
262.0 
1 • 7 
0.06 
o.o 32 
0.017 
0. 032 
5.48 
5,08 
0 .4 00 
3.79 
' 
! 
• 
404 
Table 199: Well #20 Chemistry 
Date of Sample 
Field pH 
Field Conductivity {umhos/cm) 
Field Temperature {C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate {co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium {meq/1) 
Ammonia (mg/1) 
Arsenic {ug/1) 
Barium { ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron {mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco
3
)(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids {mg/1) 
Percent Sodium{%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anio'n Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
1 4 • 0 
2.6 
584.0 
9.571 
o.o 
3.0 
0.085 
38.0 
0.791 
77,0 
3.842 
49.5 
4.073 
2.75 
0.010 
11. 5 
0.500 
0,131 
478.0 
396.0 
469.0 
5.9 
0.25 
0. 133 
0.045 
0.043 
10.4 
8.51 
1. 93 
10.0 
8/19/81 
1 3. 0 
1 • 0 
605.0 
9.915 
o.o 
1 • 0 
0.028 
20.0 
0.416 
99.5 
4.965 
49.0 
4.031 
2.90 
0 .074 
8.50 
0.370 
0.027 
20.0 
460.0 
1 , 3 
,. 3 
6.0 
0.45 
1 9. 0 
o.o 
32.0 
495.0 
450.0 
478.o 
3,9 
0,17 
0.1119 
0.0411 
0.0511 
10,3 
9. ll 6 
0. 8 911 
11 • 5 1 
11/07181 
7. 1 5 
338.0 
7,5 
3.6 
585.0 
9,587 
o.o 
a.a 
o.o 
18.0 
O. 375 
101.0 
5,040 
45.5 
3,743 
2 .40 
0.061 
5.50 
0.239 
0.010 
479.0 
1139.0 
461 .o 
2.6 
0.11 
0.071 
0 .020 
0.213 
9,98 
9. 11 
0.877 
11 • 59 
405 
Table 200: Well 125 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (Hco 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (caco 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
11/11/81 
7,3 
299, 0 
9,5 
3.9 
327,0 
5,359 
o.o 
o.o 
o.o 
2.0 
0.042 
36,5 
1 • 821 
30.0 
2.468 
8. 8 O 
0.225 
11 , 0 
0.479 
0.133 
11. 9 
o.o 
1 • 0 
1 • 5 
26.3 
8.7 
o.o 
33,0 
267.0 
214.0 
249.0 
10.0 
0.33 
0.095 
0.032 
0.144 
5,41 
5.00 
o.404 
3 .88 
406 
Table 201: Well #26 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Feild Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium ( meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
fo.rsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Batio 
Disolved Phosphorous (mg/1) 
Diaolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
11/10/81 
1.0 
300.0 
11.25 
5.8 
397.0 
6.506 
o.o 
o.o 
0.0 
4.0 
0.083 
47.0 
2,345 
37.5 
3.085 
1 0. 3 
0,263 
1 2. 0 
0,522 
o.o 
9.2 
220.0 
0.7 
1. 4 
6 0. 0 
4 , 3 
o.o 
18 0, 0 
325.0 
271 , 0 
306.0 
8.7 
0.32 
0. 102 
0.029 
o.o 
6.59 
6. 23 
0,355 
2.77 
.. 
407 
Table 202: Well #27 DEEP Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (Cl 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate ( mg/ l) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/ll 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 J(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
17.0 
,. 4 
414.0 
6.785 
o.o 
0.0 
o.o 
7.0 
o. 146 
37.0 
1 • 8 4 6 
47.0 
3.868 
12.4 
o. 317 
21.5 
0.935 
0.327 
3 3 9. 0 
285.0 
328.0 
13.9 
0.55 
0.135 
0.040 
0.043 
6.93 
6.98 
-0,051 
-0.37 
11/10/81 
7,4 
305.0 
1 2. 5 
2.8 
322.0 
5.277 
o.o 
a.a 
o.o 
2.0 
0.042 
28.0 
1 • 3 97 
32.5 
2.674 
10.9 
0.279 
13.5 
0.587 
O. 187 
9. 1 
120.0 
1. 3 
1 • 3 
1 9. 6 
4.7 
o.o 
48.0 
263.0 
203.0 
256.0 
12.5 
0.41 
0.077 
0. 028 
10.6 
6.08 
4. 95 
1. 13 
10.2 
408 
Table 203: Well #28 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temparature (C) 
Di solved Oxygen (Field) (mg/1) 
Bicarbonate (Hco 3 )(mg/l) 
Bicarbonate (meq/l) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/l) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/l) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(~) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N {mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/15/81 
16.5 
1 • 4 
775.0 
12.701 
o.o 
33.0 
0.931 
4.0 
0.083 
146.0 
7.285 
43. 5 
3.580 
11 • 2 
0.286 
49.5 
2,153 
1.82 
634.0 
544.0 
668.0 
16.4 
0.92 
0. 104 
0,044 
0.026 
13.7 
13.3 
0.367 
1. 35 
8/19/81 11/08/81 
6,8 
6 35. o 
18.0 1.25 
1.0 0.8 
782.0 782.0 
12.816 12.816 
o.o o.o 
41 • 0 
1 • 156 
5.0 
0. 104 
1 33. 0 
6.637 
41.0 
3.373 
12.4 
0.317 
72.0 
3.132 
2.25 
17. 0 
150.0 
o.4 
o.o 
6.8 
3,30 
5.0 
0. 1 
20.0 
640.0 
501. 0 
689.0 
23,7 
1. 39 
0.167 
o.069 
0.080 
14.0 
13,4 
0.59 
2 • 1 lj 
15.0 
0.423 
o.o 
o.o 
132,0 
6.587 
40,5 
3.332 
10.9 
0.279 
35.5 
1 • 5 4 4 
8.99 
640.0 
496 .o 
619.0 
13.3 
0. 6 9 
0. 162 
0.020 
0. 017 
13 .2 
11. 7 
1 • 4 7 
5,90 
.. 
409 
Table 204: Well 129 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (Cl 
Disolved Oxygen (Field) (mg/1) 
Bicarboante (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/1) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/1) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
11/10/81 
6.8 
635.0 
7,0 
1. 1 
957.0 
15.684 
o.o 
18.0 
0.508 
o.o 
o.o 
185.0 
9,232 
51.0 
4. 196 
13.7 
0.350 
27.0 
1. 174 
3,95 
10,7 
240.0 
0.6 
1 • 4 
4,2 
6, 1 
0,2 
138.0 
783,0 
672.0 
765, 0 
8.0 
0.45 
0. 158 
0.039 
0.206 
1 6. 1 
1 4, 9 
1 • 20 
3.86 
410 
Table 205: Well #30 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonat-e (meq/1) 
Carbonate (c0
3
)(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco 3 J(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium(%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
7/13/81 
13.5 
1 • 4 
383,0 
6.277 
o.o 
o.o 
o.o 
1.0 
0. 146 
43.5 
2. 171 
39.5 
3,250 
12.2 
0 .312 
18.5 
0,805 
2.03 
313.0 
271. 0 
309.0 
12.8 
0.49 
0.330 
0. 17 5 
0.034 
6.42 
6.55 
-0. 128 
-0.99 
11/08/81 
6.85 
319,0 
8.5 
0,3 
407.0 
6.670 
o.o 
o.o 
o.o 
1 , 0 
0.021 
42.5 
2. 121 
39,0 
3. 208 
1 2. 1 
0,310 
12,5 
0. 544 
5. 1 7 
1.60 
130.0 
0.5 
0.9 
4.0 
o.o 
0.2 
38.o 
333,0 
266.0 
307,0 
9,2 
0,33 
0.280 
0,205 
0.021 
6.68 
6.20 
0.483 
3.75 
1 
4 1 1 
Table 206: Well #31 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature {C) 
Disolved Oxygen {Field) (mg/1) 
Bicarbonate {HC03 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (C0 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Lead (ug/1) 
Selenium 
Zinc (ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco 3 J(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium($) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
11/08/81 
7.3 
293.0 
8.0 
0.4 
360.0 
5.900 
o.o 
o.o 
o.o 
4. 0 
0.083 
37.0 
1 .846 
34.0 
2. 797 
11. 1 
0.284 
12.0 
0.522 
4.28 
0.0 
100.0 
0.5 
1 • 8 
4.0 
3.6 
0. 1 
31. 0 
294.0 
232.0 
275.0 
10.0 
0.34 
0.249 
0.201 
0.040 
5.98 
5.46 
0.516 
4.51 
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Table 207: Well #32 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0
3
)(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/l) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead ( ug/ 1) 
Manganese (mg/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solide (mg/1) 
Percent Sodium (j) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sun 
Difference 
Percent Error 
8/18/81 
1 1 • 0 
1 • 0 
371. 0 
6.080 
o.o 
o.o 
o.o 
22.0 
0.458 
84.5 
4.217 
21 • 0 
1. 728 
4.55 
0.116 
6.50 
0.283 
0.032 
16.0 
30.0 
0.6 
2.4 
3.7 
0. 1 4 
5.0 
0.050 
0. 1 
2.0 
303.0 
297.0 
321. 0 
4.5 
0. 1 6 
0.278 
0.063 
0.048 
6.53 
6.35 
0. 177 
1. 37 
11/08/81 
7.2 
338.o 
8.25 
a.a 
397.0 
6.506 
o.o 
o.o 
o.o 
22.0 
0.458 
87.0 
4.341 
21 • 0 
1 • 728 
4.70 
o. 120 
3.50 
0. 152 
0.018 
325.0 
303.0 
333.0 
2.4 
0.09 
0.054 
0. 0 11 
0.018 
6.95 
6.35 
0.601 
4.51 
$~ 
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Table 208: Well #33 Chemistry 
Date of Sample 
Field pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co3 )(mg/l) 
Chloride ( mg/ 1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium ( mg/ 1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chromium ( ug / l) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Manganese (mg/1) 
Selenium (ug/1) 
Zinc ( ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium (%) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (rng/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
8/18/81 
14,5 
1 , 0 
445.0 
7,293 
o.o 
0.0 
o.o 
22.0 
0.458 
102.0 
5,090 
26,5 
2,180 
5.20 
0. 133 
8.00 
0.348 
0.052 
1 8. 0 
40.0 
0. 1 
1.8 
5.3 
0. 19 
2.0 
0,060 
0. 1 
a.a 
364,0 
36U,O 
382.0 
4.5 
0. 18 
0,364 
0, 10 3 
0.023 
7,75 
7,77 
-0.016 
-0. 11 
11/08/81 
7.2 
400.0 
7,75 
,. 8 
488.0 
7. 998 
0.0 
o.o 
0.0 
21.0 
0.562 
110.0 
5.489 
27.0 
2.221 
5.00 
0. 1 28 
4,00 
0. 174 
0.001 
399.0 
387.0 
414.0 
2.2 
0.09 
0. 11 4 
0.073 
0.002 
8.57 
8.05 
0.512 
3.07 
414 
Table 209: Hindersheit's Well Chemistry 
Date of Sample 
Bicarbonate (Hco3 J(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co3 J(mg/1) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium (mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) 
Cadmium (ug/1) 
Chormium ( ug/1) 
Copper (ug/1) 
Iron (mg/1) 
Lead (ug/1) 
Selenium (ug/1) 
Zinc (ug/1) 
Total Alkalinity (Caco 3 J(mg/1) 
Total Hardness (CaC0 3 J(mg/l) 
Total Disolved Solids (mg/1) 
Percent Sodium ci) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
8/19/81 
356.0 
5. 8 34 
o.o 
2.0 
0.056 
22.0 
0.458 
71.0 
3,543 
28.0 
2,303 
3.25 
0.083 
5.00 
0.217 
0.070 
5,0 
o.o 
o.6 
1 , 3 
2.5 
0. 1 6 
7.0 
0. 1 
19.0 
2 91 • 0 
292.0 
306.0 
3.6 
0. 1 3 
0.096 
0.022 
0.080 
6.34 
6.16 
0. 182 
1. 45 
1 j 
' 
.. 
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Table 210: Schell's Well Chemistry 
Date of Sample 
Bicarbonate (HC0 3 )(mg/l) 
Bicarbonate (meq/1) 
Carbonate (co 3 )(mg/1) 
Chloride (mg/1) 
Chloride (meq/1) 
Sulfate (mg/1) 
Sulfate (meq/1) 
Calcium {mg/1) 
Calcium (meq/1) 
Magnesium (mg/1) 
Magnesium (meq/1) 
Potassium (mg/1) 
Potassium (meq/1) 
Sodium (mg/1) 
Sodium (meq/1) 
Ammonia (mg/1) 
Arsenic (ug/1) 
Barium (ug/1) · 
Cadmium (ug/1) 
Chromium (ug/1) 
Copper (ug/1) 
Iron ( mg/ 1) 
Lead (ug/1) 
Manganese (mg/1) 
Selenium (ug/1) 
Zinc ( ug/1) 
Total Alkalinity (Caco 3 )(mg/l) 
Total Hardness (Caco3 )(mg/l) 
Total Disolved Solids {mg/1) 
Percent Sodium {I) 
Sodium Adsorption Ratio 
Disolved Phosphorous (mg/1) 
Disolved Ortho Phosphate (mg/1) 
Nitrate as N (mg/1) 
Anion Sum 
Cation Sum 
Difference 
Percent Error 
8/18/81 
3 99. 0 
6.539 
0.0 
o.o 
0.0 
20.0 
0.416 
52.0 
2. 595 
39,0 
3.208 
10.7 
0.274 
22.0 
0,957 
0.203 
6.0 
110.0 
0.6 
1 • 2 
2.3 
3.12 
10.0 
0.290 
0. 1 
13,0 
326.0 
290,0 
340.0 
14.0 
0.56 
0.204 
0.068 
0,009 
6. 96 
7.05 
-0.093 
-0.66 
416 
Table 211: Wood Lake Historic Chemistry Data 
Date of" Sample 5/19/49* 6/16/49* 5/15/52* pH 8.6 8.2 8.4 
Specif"ic Conductance (umhos) 719 647 629 
Temperature ( F) 71 
Bicarbonate (HC0 3 )(ppm) 297 316 308 
Carbonate (C0 3 )(ppm) 20 B 1 0 
Chloride (ppm) 6 • 0 7.5 6.5 
Sult"ate ( ppm) 70 72 54 
Calcium (ppm) 29 27 28 
Magnesium (ppm) 52 55 48 
Potassium (ppm) 1 3 9.6 1 5 
Sodium (ppm) 25 27 23 
Boron (ppm) 
Fluoride (ppm) 0.3 0.2 0.2 
Iron ( ppm) 0.02 0.08 0.04 
Manganese (ppm) 
Silica (ppm) 12 13 1 3 
Total Hardness (Caco3 J(ppm) 286 294 268 
Total Disolved Solids (ppm) 407 384 376 
Nitrate as N0 3 (ppm) 0,2 1 • 5 1 • 6 
~ Swenson and Colby, 1955 
** Mitten, Scott, and Rosene, 1968 
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Table 211: Wood Lake Historic Chemistry Data (cont.) 
Date of Sample 
pH 
Specific Conductance (umhos) 
Temperature (F) 
Bicarbonate (HC0 3 )(ppm) 
Carbonate (co 3 )(ppm) 
Chloride ( ppm) 
Sulfate (ppm) 
Calcium ( ppm) 
Magnesium (ppm) 
Potassium ( ppm) 
Sodium (ppm) 
Boron (ppm) 
Fluoride ( ppm) 
Iron ( ppm) 
Manganese ( ppm) 
Silica ( ppm) 
Total Hardness (Caco 3 )(ppm) 
Total Disolved Solids (ppm) 
Nitrate as N0 3 (ppm) 
• Swenson and Colby, 1955 
10/3/52* 
8 • 1 
6 10 
52 
336 
0 , 0 
274 
362 
** Mitten, Scott, and Rosene, 1968 
4/ 30/ 60•* 
7 , 8 
550 
43 
324 
0 . 0 
4.6 
39 
27 
43 
1 3 
21 
0.09 
0.4 
0, 0 1 
0.02 
1 2 
24 6 
338 
0.4 
... 
418 
Table 212: Wood Lake Water Chemistry 
Date of Sample 
Depth in Lake 
pH 
Field Conductivity (umhos/cm) 
Field Temperature (C) 
Disolved Oxygen (Field) (mg/1) 
&icarbonate (Hc0 3)(mg/l) 
Carbonate (C0 3 )(mg/l) 
Chloride ( mg/1) 
Sulfate ( mg/1) 
Calcium (mg/1) 
Magnesium (mg/1) 
Potassium (mg/1) 
Sodium (mg/1) 
Ammonia ( mg/1) · 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Total Phosphate (mg/1) 
Nitrate as N (mg/1) 
Secchi Disk (m) 
* DeGroot, 1982 
sur>face 
9,0 
366 
24.0 
9.8 
194 
34 
o.o 
16 
1 6 
36 
9 • 2 
17. 0 
0 • 13 8 
215 
i86 
223 
0.055 
0.005 
o.85 
7/20/81* 
mid-depth 
8.6 
382 
24. 0 
8.5 
242 
12 
0.0 
16 
1 8 
36 
9.2 
16 • 5 
O .106 
218 
189 
225 
0.054 
0.009 
bottom 
7,8 
440 
18.0 
0.2 
30 3 
o.o 
0.0 
13 
25 
37 
9 • 4 
16. 5 
1. 8 50 
248 
212 
249 
0.086 
0.008 
4 19 
Table 212: Wood Lake Water Chemistry (cont.) 
Date of Sample 
Depth in Lake 
pH 
Field Conductivity (umhos/cm) 
Field Temerature (C) 
Disolved Oxygen (Field) (mg/1) 
Bicarbonate (HC0 3 J(mg/l) 
Carbonate (co 3 )(mg/l) 
Cholride (mg/1) 
Sulfate (mg/1) 
Ca le ium ( mg/ 1) 
Magnesium (mg/1) 
Potassium (mg/1) 
Sodium (mg/1) 
Ammonia (mg/1) 
Total Alkalinity (CaC0 3 )(mg/l) 
Total Hardness (Caco 3 )(mg/l) 
Total Disolved Solids (mg/1) 
Total Phosphate (mg/1) 
Nitrate as N (mg/1) 
Sec chi Disk ( m) 
* DeGroot, 1982 
8/11/81• 
surface 
8.9 
370 
23 .o 
7.4 
20 5 
29 
0.0 
15 
18 
35 
9.9 
1 6 • 0 
0.058 
216 
186 
370 
0.206 
0.042 
o.85 
bottom 
8.0 
4 04 
2 3. 0 
0.5 
279 
o.o 
o.o 
1 2 
21 
35 
10.0 
16.5 
0.997 
228 
19 4 
404 
0.065 
0.002 
... 
420 
Table 212: Wood Lake Water Chemistry {cont.) 
Date of Sample 
Depth in Lake 
pH 
Field Conductivity (umhos/cm) 
Field Temperature (mg/1) 
Disolved Oxygen (Field) (mg/1} 
Bicarbonate (HC0 3)(mg/l) 
Carbonate (co 3 )(mg/1) 
Chloride ( mg/1) 
Sulfate (mg/1) 
Calcium (mg/1) 
Magnesium (mg/1) 
Potassium (mg/1) 
Sodium (mg/1) 
Ammonia (mg/1) 
Total Alkalinity (Caco 3)(mg/l) 
Total Hardness (CaC0 3 J(mg/l) 
Total Disolved Solids (mg/1) 
Total Phospha.te (mg/1) 
Nitrate as N (mg/1) 
Secchi Disk (m) 
* DeGroot, 1982 
surface 
8 • 4 
382 
4 • 0 
1 1 • 7 
282 
5 
5.0 
1 3 
22 
36 
9.6 
1 5 • 5 
0 .227 
2 39 
203 
245 
0.061 
0.041 
1 • 30 
10/28/81• 
mid-:lepth 
8.4 
379 
4.0 
11. 6 
281 
5 
3,0 
14 
23 
35 
9 • 9 
15 , 0 
0.257 
238 
200 
24 2 
0. 100 
0.002 
bottom 
8.4 
384 
4.0 
10. 6 
281 
5 
3.0 
14 
22 
36 
9.8 
15.0 
0.224 
238 
203 
24 2 
0 .057 
0.001 
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